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1.

Introduction

The current crisis in educatlon is multl-determlned. New de-
mands and new resources are converging on this normally conservative
segment of our society, at a pace never before encountered. The
pressures on education include:

: 1. The demand for education of an‘ever - widening population
reachlng almost from the cradle to the grave.

2. The paradoxes of demands for greater spec1allzatlon and
greater general adaptablllty to the tremendously increased rate of
change in the economy, coupled ‘with the requlrement for rapld re-
treining and more general education, .

. 3. The need for more \omprehens1ve, less harrow educatlon per-
mitting great flexibility of the 1nd1v1dual and fuller partlclpatlon
in our society. . . _ : : : ,

4. That we keep pace with the rapld social changes and the
increases in mobllnty and fluidity of -society.

5. The pressure for 1ncreased eff1c1ency, centrallzatlon, and
even more knowledge.

At the same moment, the technologlcal advances present educatlon
with the promise of a vast new capac1ty.

A, The computer with :|.ts acknowledged ability to 1mprOVe educat:.on—
al management also offers the potential for improvement in. .research -
and instructional capablllty.

B. Instructional telev1s1on and a host of other dev1ces and
systems including the videocorder widen the media avallable and the
range of modalities to be 1nvolved in educatlon. : :

C.' The advent of the systems phllos0phy and approach.

' D. The era of the sputnik in which education’s relationship to
society and 1ndustry is glven one of its periodic boosts. -

' In the face of these complementary yet somehow competing forces
a third force can be heard. It is the fear of depers sonalization, alien-
ation, and loss of privacy already active in our mass society. and
represented,to so many,by the computer and the punched card. Perhaps
we are slmultaneously experiencing a rebirth of humanism and individuality
.as a reaction to this pressure. :

These several forces 1mp1ng1ng on educatlon produce & poliecy crisis.
With great pressures to produce with the potential capability available,
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but with great dangers inherent in both moving forward and standing
still, education and society face a series of decisions. It is not
yet clear that we have the methodology with which to make these
decisions. : ‘ ' L |

This report represents an effort to classify some of the issues
and problems involved in this policy crisis. Lest it be overly
diluted it was directed to the use of the computer in education and
even more specifically to computer assisted instruction, With this
process as a focus we will deal with the many areas in education and
society that are touched by CAT and that it will in turn effect.

The Research Instrument and the Traveling Seminar

In the service of policy development in the utilization of the
computer in education a panel of scientists and educators were
assembled, These included the president of a university, two deans
of schools of education, a sociologist, an architect, two psychologists,
two educators, a director of curriculum development, a psychiatrist,
and an economist. From another viewpoint, they reflected competence
in engineering, education, research, administration R & D in the
educational media, school design, program development and promotion,
systems analysis, programmed instruction, intergroup relations, child
development, etc. S s .

After three days of intensive briefing, the seminar members set
out on a weeklong aerial tour of five centers of research and develop-
ment in CAT. Subsequently two more centers were visited. The pro-
gram and itinerary of the briefing and of the survey trips are des-
cribed in another section of this report. The texts of several of
the briefing papers are included in thé report as well,

Fach of the seminar members then prepared an article dealing
with hig view of the problems and issues facing edueation in its use
of the new technology. The panelists made projections describing
the effect of technology on education in the 1970's, and offered
recommendations on how to anticipate or deal with some of these
problems, - :

The interplay of skills, personalities, experience, and views

‘ of life resulted in knowledgeable and critical discussions of many
aspects of the problem area., They also produced a series of creative
o and well founded articles that penetrate to the core of many of the

‘ jssues that we must face =nd offer a constructive approach to most
of them, : : :

‘The articles are written in three languages or on three levels of
discourse. 1) The language of technology; - 2) The language of the be-
havioral sciences; 3) The language of humanities and values.

We began to. think in terms of languages as we faced the problems
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associated with computer languages that are so determining of the
content ‘and structure of the program., The languages we have listed
above are no less determining. However, it is interesting that
each of our authors discourses elequently in the three languages.

This chapter and others. by the responsible investigator are
devoted ir part to weaving a tapestry of the ideas, predictions,
and recommendations offered by the consultants, and in part to
introducing those additional thoughts and data assembled by the
two staff members during the course of the project. Generally, we
will avoid repetition of the material in the articles except for the
purpose of highlighting 5t or linking congenial or related ideas.

The panel agreed in several areas. 1) It was generally assumed
that a systematic approach, probably systems analysis, was necessary
for education to achieve the advances required of it. 2) The develop-
ment of models was generally agreed upon as a useful device for the
synthesis, presentation, and testing of new systems. 3) There was
general agreement that the computer has vast potentlal as an admini-
strative and management aid to education. L) It was also the con-
census that this management use will provide the base for the intro-
duction of instructional capability. The group was impressed with
the instructional potential of the computer if certain criteria were
met and if specific objectives were sought. It is in these qualifica~-
tions and requirements that the panel disagreed most dramatically
and most frequently. That computers would be used for instruction
seemed to them inevitable; how they should and would be used was the
bone of contention. 5) There was a general concern with the effect of
the computer on human values and the more pervasive question of, "who
will control the 'Knowledge Machine' 7% ‘

There were a few areas of disagreement or non-agreement that
should be noted as background. There was little concensus on the
objectives of those introducing CAI or on the nature of the optimal
system, Some authors perceived a "takeover" by the compu.er with the
teacher replaced, and the learners devoting most of their time to a
computer terminal in a computer controlled school system. Others
expected a slow jntroduction of the computer, and CAT with limited
objectives playing only one part in the overall orchestration of educa~
tion. '

Rather than engage in the "way out" thinking that is so common
and so tempting, the group attempted an orderly approach to the future.
This is not to say that the panelists were incapable of "wild blue
yonder" kinds of creativity. On geveral occasions the projections
reached for the complete abandonment of the school and the use of home
terminals or even wrist computers linked by microwave and satellite to
a central universal storage. Advances in biochemistry and neurophysi-
ology were joined with computer capability for some truly science
fiction thinking. It was agreed that we were nevertheless bound in
such thinking by the limitation that Henry Villard (ref. Tech, Innov &
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Society p. 163) attributes to "the kindly chap who worried more than
a hundred years ago, as to whether the inhabitants of the 20th cen-
tury would be able to read at night because of the dW1nd11ng supply
of sperm oil." ‘

As a result, the panel tended to begin with the Staie of the
Art. However, it was the state of the art as a point of departure.
Any serious projections must provide time for development and
"tooling up". Thus we begin where we expect the computer in educa-
tion to be two or three years fror now. Insofar as organizational
and economic problems are concerned, we can do little better than
begin today. So beset are we with alternatives and directions that
the branching must begin with now., Compelling as is the idea of
education in the seventies gnd eighties, it is nevertheless true
that the future begins tomorrow and it is a product of yesterday and
today. We have a continuing obligation to, and dependency on, today's
school system and education. Furthermore, in order to make any long-
range or even intermediate projections we must have an understanding
of the needs, resources, and dynamic processes currently engaged._"

. Thus the goals of the progect are to understand what forces w1ll
lead to "Education in the 70's" and what processes are llkely to
operate, depending on. the dec131ons we mgke.

The stat° of the art must be presumed to be the state of the art
of education in which CAT and other technology are but parts of the
system. They are considered to be tools of the educator not masters,
for ultimately the values, the directions, and the decisions must be
human ones, Different people may prefer different values, directions
and decisions, but the purpose of the art remains to convey a favor-
able environment for learning. On this we appear to agree, and with
this we can make a beginning. o
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Pre-Seminar Briefing

During a two-day briefing prior to the Travelling Seminar, the
panel was addressed by representatives from governmert and academia ' ;
_bn:issuésﬁrélatedﬁtoﬂthé'stuﬂya‘ C T B e 8 !

Dr. R. Louis Bright
Associate Commissioner for Research
United States Office of Education

Dr. Louis B. Mayo

Vice President for Advanced Policy Studies and

Director, Program of Policy Studies in 501ence and Technology
The George'Washlngton University

Dr. Glenn Boerrigter

Research Coordinator ‘

Division of Elementary and Secondary Reséarch
United States Office of Education

Dr. Williem M. Richardson
Assistant Director, Academic Computing Center
United States Naval Acadenmy

During the briefing, representatives from several major industrial
organizations spoke about the present directions and problems in the
implementation of CAI. All the companies involved are engaged in re-
search, development and marketing in the field. All are deeply cone
cerned with the technlques of educatlon evolv1ng with the asslstance

of the new technology.

The following is avliSt of these companies, and their repre=-
sentatives.,

General Learning Corporation ~==Mr, Daniel Lewis
Director
Technology Services
Washington, D. C.

I.B.M:; Corporation ~w=Mr. Leonard Muller
Director of Instructional
Systems Development
Armonk, New York

Dr. Louis Robinson

Director of
Educational Affairs

Armonk, New York
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Philco~Ford Corporation ~==Mr, Marvin Gelman
Systems Analysis Section
Willogrove Plant
Philadelphia, Pennsylvania

Mr. Thomas Timlin .

Advanced Engineering and .
Research

Blue Bell Plant

Philadelphia, Pennsylvanis

Radio Corporation of America ~==Dr, Czrroll V. Newsome
Vice President, Education
New York, New York

Responsive Environment Corporati6n~--hDr.fJohn?H.IMartin
N Senior Vice President
Englewood Cliffs, New Jersey

Westinghouse Learning Corporation - =--ir, Henry K. Skeel
| Director,
Administration & Finance
New York, New York

The Xerox Corporation -=-Mr, James L. Rogers
Senior Scientist
Education Program Planning
and Development
New York, New York

The briefing sessions were recorded. With the permission of the
speakers, five are reproduced here to demonstrate thé range of re-
search and development work, the divergent points of view and the com=
mon concerns of industry in this aspect of education.
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Early in the development of the project, it was realized that
not all of the participants would be equally knowledgeable

about computer technology. It was necessary to find a means

of orienting the panelists so that a common baseline of infor-
mation would be made available to all., Other criteria for

the presentation required that it hold their interest and that
it be generalizeable to the broad field of computer technology.
Books and films were considered and found wanting. Finally,
after considerable consultation we discovered Dr. Louis Robinson
of the IBM Corporation who agreed to provide the necessary
"non-commercial” orientation. It need only be said that engi-
neers and educators alike sat in rapt attention during this talk.
Tts value to the neophyte was readily apparent, however even

the informed welcomed and learned much from this lucid, syste-
matic, and informed presentation.

Dr. Louis Robinson

Most of the more traditional disciplines, maybe all of them,
have at least some superficial structure. The classical disciplines
have a very solid structure. You need only think back to the intro-
ductory courses and use the course outline as a guide to the format
of the subject.

Computers are not, have not matured to the point where the
computer sciences have the underlying theoretical bulwark that would
allow that kind of easy and well formatted structure. I think if
two different people were to try to describe what computers do,
they might well approach them from two different points of view.
Indeed, from very personal points of view., And I am sure I will
lapse into that now and then myself.

Let me say very briefly how I think I must approach it. 1
will make some remarks about the computer industry itself, so that
you get a feeling for the magnitude both of what has happened and
of some of the directions, the technological directions aad some
of the applications and use directions that computers are being
put to. I would like to discuss with you a very fundamental and
basic notion in computer sciences, The digital computer as we now
know it, comes in literally hundreds of different models in a wide
variety of sizes. When one looks at one extreme or another, the
two computers can look superficially very, very different. Funda-
mentally underlying this device is a very stable and relatively
straight forward system design, which is common to and peculiar to
all digital computers. I would like to discuss that, discussion
may open up ideas that will be fruitful in the future. And then
lastly, I would like to spend some time talking about what is in
fact the most difficult part of computer science, and that is the
notion of communicating with computers, how do we tell computers
what we want them to do, and how do we control them, how do we

L e st T L UL TR e
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measure their flexibility, their applicability to a wide spectrum
of problems” Sometimes that is called programming, I think, as
you'll sée, it is & little more. That question is a little broader
than that., Let me say that the reason I want to devote our time
that way, and spend maybe an hour or three quarters of an hour on
the question of programming is that it turns out pragmatically
that programming is more typical of the computer industry than the
hardware, which is the thing you physically see. And incidentally,
I might say that the thing that computer corporations make money
on, for example, Booz, Allen and Hamilton made a study just before
the end of last year on computer users, and they concluded that
although the range was from twenty-five to fifty per cent, that on
the average, thirty-seven per cent of a computer user's budget goes
to the hardware equipment, of the thing you call the computer.
Thirty-seven per cent - a third. And the rest of the moneys go to
supporting the programming staff, the operational staff, and the
enviromment, and these overwhelm the dollar investment in the thing
that is the computer itself. The computer itself represents, has
for some time now, represented economically only a small part of the
total computer systems problem. So to draw too much on the ele-
gances of some of the hardware, I think, would represent & distor-
tion in an introductory discussion of what the true picture is.

I have drawn a few charts fmom which I thought we could talk.
These are purposely very generalized, I don't attest to the accuracy
of the curves. But they give you, I think, a picture of the trend.
This is a representation of the number of computers in the world;
in 1956 there were about a thousand, in 1950 there were somethlng
like six or ten, and now there are, in 1966, 35,000, and I think
the count today is something like L44,000. The projection for
65,000 in 1970 and very likely 85,000 or a 100;000 maybe by 1975.
These are digital computers. Let me just say a word to distinguish-
digital computers from analog computers. Everything I will be dis-
cussing today refers to digital computers. Those are devices that
menipulate discrete digits, numeric quantities. Analog computers,
on the other hand, in quantity far outnumber the digital variety.
There are literally millions of analog devices. For example all
the slide rules in the world are analog devices, thermometers are
analog devices, and more important than those devices is the notion
of electronic analog devices, which was born after the war as dig-
ital computers were, and which have achieved a similar degree of
acceptance and popularity. Electronic analog devices are built out
of amplifier circuits in such a way as to simulate the behavior of
addition and multiplication, and the other arithmetic functions I
am talking about here, but in a fashion that relates electrical,
physical quantities to the quantative things you want to measure
in a particular problem. Most commonliy, voltages and voltage rises
and drops and potential differences are analogous in an analog com-
puter to the physical dimension you are trying to deal with,
whether it be atmospheric pressure in a weather forécasting sit-
vation, or scores in an intelligence test, it makes no difference.

—
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One manipulates an analog computer by adjusting these voltages, by
wiring the electrical circuits to be interconnected in a fashion
that is electrically analogous to your analytic representation of
the physical phenomena, whatever that may be. This presumes you
already have a mathematical, or analytic representation of the
problem that you want to process, and that someone, an engineer -
usually, has built this into the analog circuitry. And now by
simply manipulating the dials, not uniike what you do when you ad-
just a television set, you cause the response of the device, to
indicate to you by indicating measures of voltages or resistance,
what the numeric representation is of the answer to the problem
you have posed. Now that numeric representation is going to be
represented by the movement of a dial on a voltage meter, for
example., That can be made very accurate, sometimes as accurate

as a tenth of one per cent., But never absolutely accurate, because
it has all the vagaries of reading a dial, of moving a dial. A
characteristic of analog computers is that they never are absolutely
accurate but they need not be in the applications in which they are
used. On the other hand, a characteristic of digital computers is
that they can be made as mathematically accurate as you choose., You
can make it accurate to ten decimel places, or ten thousand decimel
places, or whatever you choose; but you'll see there is a price one
pays for that in difficulty, in computer power, But this notion
that digital computers accurately manipulate digits, whereas analog
computers analogously manipulate electrical quantities almost dic-
tates the different ways in which they are used. In business ap- -
plications, in scientific applications where mathematical precise-
ness is an end in itself, digital computers are invariably used,

In applications like wind tunnel simulations, where in the first
place one is after physical approximations to reality, in an anal-
ogous fashion analog - computers are almost invariably used. Analog
computers are installed in aerospace industries and things of this
sort, whereas digital computers are installed without regard to the
technological work of the industry, because they are wherever people
have to process data and information in a precise form, and the
forms we are going to be talking.about. This population has grown
very rapidly, primarily because of a growing awareness that noth-
ing new has been added to the digital computer. Some of my col-
leagues may worry about the quality of that statement, but in gen-
eral, nothing new has been added to the logic in the design of
digital computers, even from the very inception of digital com-
puters after World War II. This growth is a2 recognition more of
the power of digital computers, their flexibility, their applica-
bility, than it i innovation in the design of digital computers.
Now it is true that digital computers have come down greatly in
price, they have become more readily available and physically more
compact and therefore probably more acceptable to segments of the
population. But, in the final analysis, this growth of acceptance
is really a consequence of a-very slow recognition of the power of
the original tool and anything that is done today could have been
done even 1951,
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Dr. MeLoone: '"There is a difference certainly in storage
capacity?"

"Yes, of course a difference exists in speed and capacity
or power of machine, Any problem that can be done in even the
world's fastest and most powerful machines today could have been
done a lot slower, and therefore, much more expensively, on the
original digital computer."”

"Now, the size of the machines has dropped. A computer which
in 1956 would have occupied 1,000 cubic feet, a room ten by ten by
ten, which was about as big a room as you would have needed to
house what in 1956 was the world's biggest and most powerful compu~-
ter. At that same capability today, it can be housed in a box that
is only ten cubic feet; that is the top of the table. Now that is
not a testimony to the size of packaging of industrial designs,
so much as it is a consequence of technological necessity. There
is a problem here that I want to try to identify for you. One of
the laws of nature that we accept is that the speed of light, the
speed of electricity is a constant in nature. As you'll see when
we design digital computers, what we essentially are designing are
a set of switching circuits, which are housed in a box and inter-
connected by wires. Electrical impulses travel from one circuit
to the other. Now these circuits take up physical space, and
therefore one is physical .y separated from another. The speed of
the computer, the inherent speed of the computer 1s directly re-
lated to the speed of switching circuits. The faster you can make
those circuits operate, the faster you can make that computer.

But if you need enough of them, and you do, and if they each take
up a certain amount of physical size and you have to put them in
a very, very large box. In 1956 a box that occupied half of

this room. Then obviously one circuit, one way down in that
corner is a rather great distance from the one that is located in
this corner. Right? It can't be any other way. And the electri-
cal pulses that may from time to time have to travel from that
circuit over to this circuit takes, in the computer world, a very
long time, even though they are travelling at the rate of 186,000
miles a second. A very long time. The result is while this pulse
is plodding along, moving from that circult over to this circuit,
lots of time passes, like several millionths of a second, and if
you went to great pains to make this circuit over here fast, so
that it could switch in several billionths of a second, it is to
no avail, because although when the pulse gets to it, it will
switch over very rapidly, in several billionths of a second, it

is going to take a long, long time, namely several milliontiis of a
second for the signal to get there to tell it to switch in the first
place, so why rush? And that meant that the total speed of the
computer was limited not by the switching speed of the circuit, but
by the distance of one circuit from another. So although people
do want to build very fast switches, there is no way to make that
signal get to the switch fast enough to exploit the speed of the
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switch. Tt became very important that the physical size of the
computer shrink so that as you invent this faster and faster cir-
cuit, you could exploit that speed, that speed, by not losing
the slight advantage in the transmission of signal time between
circuits. And so even today, our problem in designing even faster
machines that I will allude to, is closely related to the minia-
turization of the equipment. This miniaturization is fortuitous
from several points of view. It permitted the use of very fast
circuits to be exploited, to be used in a meaningful way. As
computers grew in logical size, I'm going to define that in a
minute, then, as they grew in logical size, if they weren't be-
ing made miniature, instead of occupying half this room, they
would have to occupy this whole building if we had to build them
according to the specifications of 1950-1955., So that again, if
we wanted a 1967 computer in 1957, with its size and logical |
capability, it would have been to be sO large physically that by
definition it wouldn't be fast, and if it isn't fast, it isn't
powerful, and if it isn't powerful, we made it big for no purpose
at all. So this is both a necessity and a blessing in a sense
that this curve has moved in the direction, and is continuing to
move in this direction.," :

We keep saying that machines get more powerful., You'll see
as we go through this that it is very hard to define what you mean
by power in a computer. It can mean a lot of things. I have a
very elementary notion of how fast these are., You know and we
will discuss how machines do certain things, how they add, they
subtract, they multiply numbers, they divide numbers. To get a
first approximation of what is power in a computer, one can agk
how many numbers can a given machine add in a second? YoUuiuiy:
know it caa add a hundred numbers togetherwin a second, that Vi
is one measure of speed or power, another machine can gdd a thou-
sand numbers in a second, another measure of speed Or power. It
is a very crude and elementary measure of speed of power., Let us
consider all the computers in the world, not a computer, mind you,
but all the computers in the world, the digital compusers which
existed in 1956 were relatively few, but they were spread around
the world, If theoretically you move them all into one room, and
everybody was ready to go and the concertmaster said, "Now," and
you stopped the stopwatch, and they all started working, namely,
they all started doing arithmetic, they started adding and sub-
tracting numbers, and then a second later you said, "Stop," and
now you said how many numbers have we added together in a second,
with all the computers in the world, all the computers in the world
in 1956 would have been able to add about 500,000 instructions,
500,000 steps of arithmetic, in a second. That's how fast they
were together. All the computers in the world now can add aboub
800,000 million billion instructions per second. There exists,
for example, today, one computer, the fastest computer, which
itself can add, can do ten million instructions per second, in
one device, a relatively small device, that can do ten million
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instructions per second. By 1980, by 1975 even, there will exist
based on what I perceive as the direction of technology,: indivi-
dual computers of relatively small physical size, individual com-
puters, each one of which will be able to do not 10 million instruc-
tions per second, but of the magnitude of maybe 200 million instruc-
tions per second. Remember that all the computers in the world
today can only do 8,000 million instructions per second, : Lock at
how fast the thing is growing. You might as well ask, good heavens,
what are all those instructions? How do people do them? Well,
that's why I will discuss programming and instruction.

Now, going very fast is one thing and let me just suggest
that there is another very pragmatic dimension in our economy, and
that things can happen in very elegant ways, is one thing, but if
they are preciously dear, very expensive, then it is only of aca-
demic interest that one can build such a device. It is true that
these devices are very expensive., The machines that can do ten
million instructions per second today cost in the magnitude of
five or six million dollars each, I suspect that the machines
that will be able to do,200 million instructions in the 1970's
will cost $15 or $20 million each. As compared to the fact that
this machine in 1956 would then only cost in the magnitude of $100
million, the cost of these things is in fact expensive. But their
power goes up so rapidly that the costs of doing work goes down
strikingly. So, for example, if 1 take a unit of measure, if I
take one instruction, I would have to be talking about .000001 cent
per instruction. So let's take a hundred thousand instructions.
How much would it cost to do 100,000 instructions on any computer,
roughly speaking? 1In 1956 as compared to now it turns out that
100,000 instructions cost about twenty-two cents, and those 100,000
jnstructions today cost about one cent to execute., So this, once
again, raises a very provocative question. The overall price goes
up bu the cost of doing 100,000 instructions goes down. - You are
dealing with many hundreds of thousands of instructions so a size-
able unit saving will follow. ‘

When we talk about programming and how people use machines
there is yet another trade off that has to be considered. We have
already mentioned that one of the most important ingredients in the
computing system is it memory. The size of the memory as measured
by the number of bits that it can hold, if you will for the moment
remember the number of digits, the number of decimel digits of
zero, one, two, three up to nine, that it can hold. The size of
that is very important, if a computer can only remember a couple
of numbers, without knowing anything else it is clear that its logi-
cal capability is rather limited. 80 in time, memory size has grown
very rapidly, until in 1956, for example, a very large cpmputer
would have been one whose memory could hold a couple thousand one
digit numbers. . Today, typical of the modern computer is one whose
memory holds a million, two million numbers, in its main memory and
yet hundreds of milliomns of gther, mmbers in.other.memories thah ore
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will talk aboub. In the future that number will swell, and this
curve is very likely heading in the right direction. . The cost per
unit memory, how much it cos®s to.nemembher a digit, has gone down
dramatically from, in these years, from roughly l% cents per digit
of memory down to two mills today is the average per digit of
memory. :

We have all seen photographs of computers and we've seen
computers and you all know that they have various devices on them.
They have magnetic tape, magnetic quality the power of the tape
is measured like in your home tape recorder by the density on which
you can record and speed with which you can read it are two obvious
dimensions, as you can see they both are skyrocketing up. The
technology has made it possible to record more and more informa-
tion for an inch of tape and then read them or write them for that
matter, at. greater and greater speed. These record player like
devices, magnetic devices, are pieces of cardboard shaped in the
form of a disc, on the surface of which information is recorded
just as it is on magnetic tape; it is actually surfaced with the
same material. This is a rotating device unlike tape, which is a
linear device. The dimensions that are important here are again
how much information can I get on an inch of the disc, and how
fast can I rotate the disc, so that I can read it back. The rate
of speed of reading and the capacity of these numbers go up very
rapidly. If it is necessary to make these devices small,they are
being made small. If it is necessary to moke them fast, they are
being made fast. If it is necessary to make them record densely,
they are being recorded densely. If it is necessary for economic
reasons that the unit cost and price drop, then you'll see that
this is happening very, very dramatically, so that the device be-
comes economically available to more and more people.

Now I want to talk briefly about the logical construction of
these devices. What I suggest you do is .to bear in mind a problem,
any problem, whether it is an obvious problem in mathematics, or in
sccounting of keeping track of inventory control, of knowing that
you have bins of devices in inventory. You know that from time to
time you have additions to.individual bins, to .increase the inven-
tory, and from time to time you have to make deletions from in-
dividual bins, as you satisfy orders, and you would like from time
to time to know, for example, what the on hand inventory .s. A
very typical business problem. Another typical problem is salary
computation, whether it is the regular weekly or monthly or hourly
salary of employees, the computation is essentially the same. Take
the unit salary and multiply it by the pay period, if your salary
is weekly or monthly, that multiplier is the digit one, because
that is what you get each pay period, and if you are an hourly
salaried employee, you multiply by the number of hours worked, based
on your time card, or the pay records.. And now we all know what
happens after you get that -gross number. Now you start subtracting
your union dues, you subtract your withholding. Then you calculate
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the FICA, the Social Security tax, based upon a regulated formula,

a certain percentage multiplied by an iricome and kept track of, so
that at some point if you earn enough money, they cease to withold.
Maybe other deductions, bond deducticns, a whole variety of calcu-
lations, all very strict formula.. When you are all through, you
subtract all the things you have calculated from the gross, and that
{ells you what kind of a check to write. That's quite a problem.
Every industrial computer in the world does that problem.

Then there are other problems. There is the problem of trans-.
lating Russian into English. This doesn't sound like the payroll
problem, it doesn't sound like the inventory problem, but as we go
" through this, you will become persuaded that it is the same problem.
Or it could be the problem of kesping track of a rocket or a satel-
lite, or aiming a gun on a battleship, or forecasting weather, or
calculating a statistical quantity, or preparing a concordance of
Thomas Acquinas'® writings. Whatever it is doing, the same machine
is doing it. It may be a different model, but it 1s the same machine
like all Chevrolets are the same machine., They are obviously mass
produced, and they are the same logical devices. You got a radio in
yours and.I got the air conditioner in mine, but they are the same
device. This is a tribute. All the computers in the world are
basically the same computer, except for these trivial differences.

What is that base that makes them all the same? Well, what-
ever problem you have in mind, it has one characteristic, that because
you know what that problem is, you know one other tﬂing, the computer
does not know what that problem is. The computer comes to you from
the factory empty, blank, it has built in capabilities like a tele-
vision set, but until you instruct it, until you put it in gear or
turn it on or adjust the brightness, do something constructive, tell
it what to do, give it information; it just sits there. It doesn't
do anything, there is no capability inherent in the box. 8o the
first thing is obvious, you've got to get information into it. If-
you can't get information into it, there is no way to design a
machine that's automatically going to process the problem.  So the
first thing you want to do is get input inté the machine. Now, how
do we do that? There are an enormous catalogue of ways of getting
information into a machine. The most prominent way is the punch-
card, The punchcard is a paper block, you've all seen it, your
paychecks are probably on it. A paper document arbitrarily divided
into twelve rows, and eighty columns-in this fashion. Information
is recorded on it by punching out on a piece of equipment not unlike
an electric typewriter, a hole that represents the information you
want, so that if I lable this row one and the next row two, and the
next row three and I want to say the number one, I simply punch the
one position out in that column, so that column stands for the num-
ber one., And if in the next column I want to say the number two,

I punch the two position. A very trivial coding technique.

What do you do to get‘the letter "A"? There are only twelve
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rows, obviously you take the twenty-six letters of the alphabet and
you take the combinations of the two punches, you know, any two.

You just pick two, and you say from here on those two punches repre-
sent the letter ."A" and these two punches "B", and you make a -code,
like the Morse code. There exists such a code which is universally
used as standard throughout the world so you can put any number,

you know, one, two, or any letter in this code and indeed any °
special character you can think of like period, comma, colon, ques-
tion mark, they all have a code, and there is a machine, a console,
the keyboard looks identical to a typewriter keybcard with all
those characters on it, and when you press the button for the letter
"A" instead of the letter "A" printing, the card is there on the
platen, if you will, and then just punches the appropriate holes.
This becomes machine sensible. There are holes here, os, there

are these devices that read the card, either photoelectrically
sense the existence of the holes or more commonly with magnetic
brushes sense the existence of the holes as these cards fly by

at extraordinairly high speed. Thus information that is recorded
on the card gets to the computer. This is one input device.

, Another one besides cards is magnetic tape. An obvious ex-
trapolation of the tepe on the recording machine. It happens to
be wider but it is otherwise the same kind of tape, The reel is
bigger, if you want to get a lot more information on the tape,
generally 2,400 feet long, but it is a big reel. It is Mylar mag-
netic tape like you have in your tape recorder and information is
recorded on it in exactly the same way. As the tape, is moving

in this direction, then at each point in time there is a right
head, and as the tape moves by at each point in time, the tape is
flocked to be divided into the logical roles. There is a code,

a code similar to the earlier code. When you want to say the num-
ber one, magnetism is deposited on the magnetic surface, of the
tape at that point, furthermore, whenever that tape is looked at
by a machine, the existence of that spot means the number one,

And if you want to say the number two, it would be a spot over
here, (indicates) and number three would he a spot over here, and
the letter "A" would be two spots over here, and in the same way
a, similar code exists on tape. Once I have the information on
that tape, I can load it onto a device that unreels the tape and
read the information off or I can write information on it. There
are other devices that I have not listed. This idea was born out
of the notion of a regular phonograph recorder. Phonograph record-
ing discs happen to be shaped a little differently but that is not
significant, and in the phonograph recordings invariable the infor-
mation is recorded in the ups and downs of physical grooves, actual
grooves, that's why you have to have a needle. On this, the idea
is even simpler. You just take the reel of magnetic tape if you
will, and unwind it and glue it down on the surface of the disc,
and now you record oh it exactly as you would on magnetic tape,

it is magnetic tape, but because it is on a reel, it is lald down
on the disc and you can record on both sides, front and back
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and you can have a stack of these. ‘They are all rigidly mounted

on a post, they can be mounted this way or that way, it doesn't
make any difference any more because the thing that reads it, since.
it doesn't have to be in physical contact, doesn't have to ride in
the groove like a phonograph record, it has to track like the head’
of a magnetic tape machine device, SO now the laws of gravity don't
go along with that. Some mechines are mounted this way, and some
are mounted this way. We code the information on the surface exactly
the same &s it is on tape. It's a magnetic medium, the coding is
the same. There are magnetic heads that ride along the surface of
this record as it rotates along underneath, and the information can
be read or recorded., I think T have a sketch here of how that looks.
(demonstrates) This could either be the megnetic tape or it can be
the surface of the magnetic dlsc or magnetic devices,. This is, of
course, an enormous umbrella and an abstract drawing. This is a
magnet. It is sO miniaturized that literally hundreds of these

can fit in the space of a quarter of an inch. And these are wire
coils that are wrapped around the inside of the magnet. Now if

you remember the rules of magnetic flux from high school, if we

put a pulse of electricity in this coil, it has the effect of
creating a magnetic flux in one direction at the base of this mag-
net., If we put a pulse at the other end it does the opposite.

fnd you know if you take a magnet at home and put it near a nail
and pick up a neil with the megnet and then take the nalill away,

that nail sometimes retains magnetic properties. It itself be-
comes a magnet and you can pick up another with it, even though

the original magnet is now in another room. That is exactly what
happens here. When you give & pulse to write something down, one
of these code bits could be either the absence or presence of a
bit. This magnet becomes magnetized and magnetism is infectious,

if you will, and it megnetizes the magnetic surface of the tape,

of the disc or what have you, and now this thing can move ahead,

can rotate away, and later on when you want to read it, by putting
a pulse on the other coil, you can detect whether or not that ppot
of magnetism is there, If it is, it means one code, and if it"isn't
it means another code. It is very easy to replay. :

If you can wrap the magnetic tape on a disc, you can also
wrap the magnetic tape on a drum., If I have a drum, I can take
my reel of magnetic tape end wrap it around, so that the surface
of this drum is now a magnetic surface. Mount the drum on an axis,
and rotate the drum and put my magnetic reading heads over the sur-
face of the drum, and now I can read and write on the surface of
the drum, as the drum flys by underneath me as it rotates. So drums
are commonly used in computers to record information permanently
in o machine sensible form so that I can get it in and out of my
machine. Think about these different media for just a moment. The
cards always have in common that they record information in machine
sensible form., The card is a unit, you know you have decks and you
carry one in your pocket, and it serves a purpose. When you want to
record long strings of information, 1ike all your payroll information
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for the firm, or the school, or what have you, cards are obviously not
the most convenient mode, so you can pack all that information that
otherwise might be on thousands of cards, on a few feet of magnetic
tape or maybe a few hundred feet of magnetic tape. Now suddenly I
want to know how many, what the quantity of hubcaps for 1956 Chevro-
lets are in stock in the warehouse. That may be over here, someplace
on the magnetic tape, three hundred feet away you know, so to read 1%,
T have got to meke my machine read that magnetic tape, skipping all
that information until it gets to the point where it says hubcaps and
then I can find out how many hubcaps I have, Now we are talking
about super fast devices here. Tape is a very inefficient thing to
search. You all have suffered the anguish of trying to find a spoken
word or music on your magnetic ‘tape. So what about the discs and the
drums? Drums are becoming more and more visible, as the drum rotates,
every time it turns arocund once, and you ‘understand that these things
are turning around at very, very fast speeds, for example, modern -
drums rotate at rates in the magnitude of 25,000 revolutions per
second., I should have remcmbered the statistic that was something
like, in one minute the drum makes more rotations than the propeller
mekes on sn aircraft that flies from New York to San Francisco.

Very, very fast devices. So that in a very few billionths of a
second, the whole drum has passed by, the whole surface, There are
many reading heads. The reading heads cover the entire drum. There
is a line of them so in a few millionths of a second, everything on
that drum has passed onto some reading head. So that 1f I want to
store my inventory information I probably would be inclined to put

it on a drum or a disec, which have the same characteristics because
when T want that information, I want it quickly. And if it is on

the drum, I have it almost immediately. It takes a long time,
several millionths of a second, but that is better than waiting
maybe two seconds to find it on the right place on magnetic tape.
Several millionths of a second are very costly. ‘A long time on

a computer. There are certain kinds of information I would want

to put on dises and drums and yet there are other kinds of infor-
mation I would want to put on tape. If the kind of problem I have

is sequential,for example, if I had just been given ten thousand
Rorschach tests, and I have all the data of the Rorschach test on
tape, and I now want to score, to rank and evaluate these tests on

a computer, I really want to do them one -at a time, I'm not going

to be searching for Mary Jane's Rorschach test. T am-Jjust going to
do the first one first and the second one second, and then when I'm
all done I'm going to print my report. I have no necessity to skip
around, and in that case tape is a much more efficient medium than
these two devices, because after all, tape is virtually unlimited.
Theoretically, it is unlimited, I can mount reel after reel after
reel continuously in length. These devices, this drum, are physi-
cally limited by their physical size. When I've run out of space,
it's the end of the game. So when I have long lists of sequential
information, I put it on this medium. When I have-limited infor-
mation and I want ready access to it, I use the other medium.

Hence, there is a necessity for several medla, not just one.
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Now there are many other types of input devices. Some of
the more modern ones are very near the chart, for example, it is
now possible to attach to the computer a cathode ray tube, a
television like tube. And I caa attach to the device what we call
an electric pen. We used to call it an electric pen, really it is
an electronic signal which serves the purpose of a flashlight. '
The device is slightly different from your home television set, but
not much different. Behind the screen are photoelectric sensing
devices, and when something is displayed on that screen, if I point
to something on that screen and press a button, the photoelectric
devices behind that screen senses that I pressed the butten, and in
a sense it knows where I pointed, because there are many devices
distributed, so it knows I pointed here as distinguished from point-
ing there. I can communicate information to the machine in that
way. For example, I may want to take an opinion poll. I have a
thousand people sitting in front of these things connected to a
computer. I give them a test or a 1ist. It's a multiple choice
kind of thing, and I list all the alternatives and in front of
each alternative is a box. If it were a paper you would put an X
in the box, and the responder points to the box that he wants to
mark as his answer, but he doesn't put an X because it would not
reach the computer. He points to it and a light is emitted, and
the photoelectric eye senses that he pointed to that box, that
particular box and that is now recorded someplace in the memory.
Tt has been put into the computer. It's even possible to hawe
voice recognition devices that can recognize spoken voices, specilal
words like add, subtract, multiply and divide., So there is a very
wide catalogue of input. Now if all we did is get information in,
1t would all go in and what would happen to it? - It would drop ‘
through the bottom, and we don't want to do that. We built these
devices because we want-this information so we can do something
with it - add it, subtract it, multiply it, compare it, do some-
thing with it. Build it up and process the information. But to
process the information you can't get it glued to the machine,
you've got to get it in and hold it there because it takes time to
process, maybe only a few millionths of a second, but that is time.
So you need more than just to get the information in, you must get
it in and you must be able to retain it. Sometimes you have to
retain it for a very long period of timc, and hence we have the
devices for memory. Now in one sense, some of these devices already
represent memory. Once I record something on a punch card, 1t
remembers on that card, it doesn't get erased, its a hole in the
card. Or if I have written it on a piece of magnetic tape, it is
remembered on the tape. But these devices are simply too slow to
serve as the memory of the machine., These can be auxiliary memories,
they can be aids to the memory, but they are too slow to be the
memory, because if I want to remember things, I want to remember them
right now, and you have seen that on tape it may be a second delay,
maybe a second and a half away, a long time away. You have seen ‘that
on drums it may be as long as a couple of millionths of a second away.
That's unacceptable, When we say memory, we mean it must be right
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there, How do we build memories that don't have the disadvantages
of these devices? Well, the common way that memories are built
today is with magnetic cores. I won't try to make engineers out

of you, but let me just say a few words about this. These cores
are in fact just as represented here pictorially, they are small,
doughnut shaped, iron ferite devices which have special additives,
they are highly magnetizable, easily magnetizable., They are pre-
pared by a process of baking them in ovens, and they are very,

very small, How small, I don't know how to describe. This picture
is blown up ten million times. You can put a million of these cores
in a thimble. I mean they are very, very small, miniature, super
small, 3But they have that shape. They are laid out in a matrix,
thousands of them, and wiresare run, just as it i1s indicated here,
through them, First in one direction, then in the other direction,
and then finally in the third dimension you run wires through them.
You can think of these, of one layer, as a plane of these cores.

If I take a second plane, and lay it right on top, it's like a pan-
cake. They are not physically touching, Incidentally, I want to
make a comment that none of the stuff that I am talking about repre-
sents physical contact. Magnetic heads never physically touch the
medium, They float over at a great distance from the medium, about
a couple millionths of an inch, which is a great distance when
measured in this technology. They never physically touch. These
planes are not in contact either, and each layer is physically
separated from the other although when you tack them together, you
have pressed the thing so that they are separate, although very
close, '

These cores behave exactly like the megnetic surface of
these mediums. When a pulse of electricity goes through in one
direction, they get magnetized in one direction, and when the
pulse goes through in the other direction, they get magnetized
in the other direction, and by testing whether they aremagnetized
one way or the other, you can record them again in the same coded
fasion. This is infromation. Now, they have one advantage. When
these cores are very numerous you can get millions of digits in
one of these boxes. .The obvious advantage of all these media 1is
that every number in that storehouse of a million numbers is as
readily available as every other number. There is no physical motion
to get at something. Nothing has to rotate around each digit,
whether it is at the low end or farther over here or in the middle
or somewhere on the other end. Wherever the digit happens to be
it is instantly available because all these things are wired to-
gether, you know, in a completely homogeneous fashion. So these
core memories, for many years now, have served as the fundamental
memory system of the computer. Now we have a way of getting in-
formation in and a way of remembering information we got in, but
now we have to do something with it. The obvious thing we want to
do is arithmetic. Now, do you want to add or subtract or multiply
or divide, it turns out you want to do a lot more than that. A
great deal more. In fact, it turns out that today when you run
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computers and you do this and you measure what is the machine in
fact really doing, it 1s only doing arithmetic a very small per-
centage of the time. Twenty per cent of the time, What is it
doing all the rest of the time? Well, if it is doing all the other
things you find out what you wanted to do in order to solve the
problem, for example, in the payroll problem, I am not sure 1
remember the right numbers myself now, but I think after you've
earned $5,400.they stop withholding the gocial security number.

How are you going to know that in a computer? From time to time
you are going to check how much money an employce has earned and
you are going to compare it to the number $5,400., and when it

gets bigger than $5,400, you are going to stop the calculation.

How do you accomplish that? Well, you want it {0 have a comparison
capability. You want to be able to compare two numbers and decide
when one number is bigger than another. That is a different capa-
bility than that of subtract, multiply and divide. You want to

be able to distinguish between a number that is zero and not zero,
because numbers which are zero play a very special role in proces-
sing problems. When we are through, listing all the things we want
to do, the typical computer today has more than the four capabilities,
add, subtract, multiply and divide. The typical computer has about
a hundred capabilities. If we had these capabilities and we wanted
to process problems, we should know that this isn't like a fishbowl,
where you throw into the fishbowl lots of pieces of paper that say
add, subtract, multiply, compare, $5,400.,and then mix them all up
and hope that somehow the machine knows what to do and in what se-
quence. The machine doesn't know which things to do and in what
sequence. It must be told which things to do in what sequence.
Tt's one thing that they have the capability to do the things in
the machine, it's another thing to be able to get the sequence
control that you need. So besides having this arithmetic and logic
capability, it has to have a control capability. You must be able
to get the machine to do things in a specified sequence that in
fact sometimes distinguishes the solution of one problem from another,
And then lastly, of course, when you finish doing all this, you get
the machine to do the arithmetic, and processing you want it to do,
and then you get it to do it in the right way under control. All
would be for naught if you couldn't get the answer, so you have to
have the output devices. Sometimes the answer is displayed on the
cathode ray in numbers or letters or whatever, sometimes it is
displayed pictorially as a graph, as a curve, or you can obtain it
pictorially as a representation of the thing that you are working
on. It can be designing a bridge, it can be a representation of
the actual bridge, or whatever it happens to be. Sometimes it

is sufficient for your purposes to have the answer recorded on
magnetic tape, or a disc or a drum, because you don't want to look
at it, instead you want the computer itself to look at the answer
at some future time, there on punch cards, like in the case of your
pay checks. And very often you want it printed. The most populous
kind of output dévice is the printer. In order to keep up with the
speed of the computers, the printers have to be a little more than
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a typewriter, although typewriters are sometimes used. As a result
a whole technology has developed for computer printing. These de-

vices do not print a character at a time, like a typewriter. They
print lines at a time, and sometimes even pages at a time, and they
print very, very rapidly. Modern printers print a thousand lines

a minute. This kind of thing could print the Sunday New York Times
in & matter of a relatively few minutes. Faster than you can read.
That's the list of capabilities.

Even with these capabilities we still face a problem. How can
we communicate with the machine? Now, I just put up this note,
you've seen this a thousand times, that is our language, our system,
we use these numbers, there is nothing sacrosanct about these num-
bers. It turns out that the filing system is the same number system
based on two symbols, zero and one, when you count the indicators
here, count zero, I've just written up four digits for consistency's
sake. but this is still zero, that is still one, instead of saying
two since two is not a symbol, you represent two by the juxtaposition
of the digit one. So this means one times two plus nothing left
over. If I say to you the number 796, what I really mean is that
this is 6 plus 9 times 10, 90, plus 7 times 100. That is what the
juxtaposition of the digits means. In the binary system it is
exactly the same thing except that instead of multiplying by ten
you are multiplying by two, that means 1 plus 1 times 2, plus 1
times 4 plus nothing times 8. And so it reads number 7, Now, why
do we use the binary system? Well, for several reasons. All electri-
cal circutis and magnets, the whole notion of magnetism, has an off
capability. Very important. All electrical switches are either on
or off. So if we can represent information in a fashion compatible
with the structure of electrical circuits, then we get a very simple
encoding system. There is another advantage, and it comes from
arithmetic. What you want to do when you build a computer is mini-
mize the amount of circuitry you need to accomplish these logical
functions. Now adding is a simple thing. Let's assume you bullt a
device tha’t can add two of these together to get the answer three.
And you see you do. 1 and nothing is 1, and nothing and 1 is 1 and
nothing and nothing is nothing. One and two are in fact three. Okay.
The rules of arithmetic all hold. Now there is one very nice con-
sequence of binary number system that plays a role in computing. You
all know, I think, that when you want to do multiplication, the simple
way to do multiplication is by repeated additions. If you don't happen
to know how to multiply, and you want to multiply three times four, you
can get the answer by saying 4 plus L4 plus 4, to get the results of
multiplication by repeated addition. You can get the results of
addition by repeated subtraction. So the whole trick now is to figure
out a way to get subtraction by addition. If I can get subtraction
by addition, I can do everything by additiou, and that is very neat.
Tt turns out that in the binary system, you can do subtraction by
addition. It works this way. Given a binary number, given any num-
ber, either binary or a number in the decimal system, that I want
to subtract one from the other, I can accomplish subtraction by a
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notion, a mathematical notion called complimenting. In our daily
lives we don't us this method because it is very sophisticated,

you know how to subtract. But if you didn't you would probably

use complimenting. ILet me just give you a few examples. One

in the decimal system and one in the binary system. I want to sub-
tract 72 from 98, we know how to do that, right, we know how to do
that in our way. Another way to get results, is to take 98 and in-
stead of subtracting 72, add its compliment, the compliment of 72

is what you get by looking at the difference between 72 and the
number 99, It is always 99, that is constant. So I say the dif-
ference between 72 and 99 is 28, that's my trick. I have a little
trick. When I say I can get the same result by adding 28 and then
looking at the compliment of that. The result here is six and two,
that is, twenty-six., So here I have eight and eight is sixteen, and
nine and two is eleven, and I carry onej; it is twelve, and my rule
says you always forget about the higher digit. The result as you know
is twenty-six, and it turned out to be twenty-six by this trick of
adding the difference between the number I want to subtract and 99,
instead of by subtracting the number. DNow you say, what kind of a
ridiculous trick is that? If you know how to get this, you already
know how to subtract anyway. Why fool around? But, look at what
happens in the binary system. I have a binary number, and 1 want

to subtract another binary number, let us take one like 01101, it

is very simple: one from one is zero, etc., Instead of doing the sub-
traction, I want to compute the compliment of that, the same trick I
did here., But in the binary system the compliment is very easy to
compute. The compliment is this number where every one becomes a
zero and every zero becomes a one, It is very simple., So instead
of subtracting, to get the right answer, ia:.thé binary system I Just
have to add this number. I Just changed the zeros into ones and the
ones into zeros., Now I do the addition, and I guarantee you that if
you use the same rule you are going to get an extra one at the cnd,
but that is just dropped, forget about it. If you follow that rule,
the answer you get here will be identical to the answer you get
there. Now although you know no sane person would use the trick in
the decimal system, because it is just as hard as regular subtrac-
tion, you see the advantage in the binary system. This is a very
simple trick to put into a machine. So that's how we use the binary
system.

The problem now is how do we write programs. I have written
down here a definition of programming, and in a very few minutes I
am going to walk you through an exercise. Let me tell you what the
exercise is. You all know that the Indians sold Manhattan in 1624
for $24, you know its now 1966 - 1967. We've come a full year,
we've gone through 1966. An Indian may well ask what if the Indians
could have sold the island and had taken the $24. and put it in a
Manhattan bank, at compound interest, how much would that be worth
today? Instead of wasting your wampum on firewater. You could say
what is the average of all those years at 3.5% interest, you might
say that this is a ridiculous problem, but all we are interested in
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really is the result. This compound interest problem comes up all 3
the time and is typical of all statistical calculations. A sophis- |
ticated Indian not only asks what this $24. is worth at 3.5%, had it '
been invested all those years, but alsc what would have happened if
it had been invested in a bank at 4.0%, or 3.6%, or 3.T7%, you know,
or whether he said I had decided to charge instead of $2L., $25.,
$26,, $24.01, what would be the difference if measured today?

Now, instead of one I have millions of problems, they are all the
same, they are repetitious of one another. How tedious to do this
calculation. Very few people remember, there is a simple formula
for this, you remember that the formula says that the amount of
money that you earn at compound interest is equal to the principle
that you put in in the first place, in this case it is $2L., times

1 plus the interest all raised to the power of the number of periods
and there with that mathematic number picture this exponent means
you multiply the quantity inside the parenthesis by itself as many !
times as that number says. So for example, the number seven with |
a little three up here really means TxT7x7. Shorthand. Now, in ,
algebra that is read this way: A is equal to B times 1 plus I 30 ;
the Nth. Putting the numbers in, that means that the answer to our- |
problem is simply $24 times one plus the interest rate of 3.5% |
which would be represented this way, all raised to the number of
years that have transpired between 1624 and 1966, which is 342. Now
you take this number, which of course is one times .035 and multiply
it by itself 342 times, and multiply by $24., and that is how much
money you would have. You can do this over and over again for each
example. I told you that this was pretty tedious. And if you don't
happen to remember that formula, you might be stuck. Except if you
do it this way. Like a child would do it. A child doesn't know
formulas, and exponents and compound interest. In 1625, the next
year, what was in the bank? There was $24. in the bank, plus the
interest he earned on that $24., which at 3.5% happens to be 8hg,

so that at the end of the first year he had $24.84. How much Gid

he have at the end of the second year? He started with $24.84, and
that $24.84 at 3.5% he had $25.7L. At the end of the second year. -
How much did he have at the end of the third year? He started with
$25.71, 3.5% times that is the end of that. And you just keep doing
that. You've got to do this 342 times, and you can imagine that

you might need help to remember to stop.

Tet's assume I want to program this method into the computer, i
and let me say that as it turns out,in.fact, this is the only way
to get the computer to solve the problem efficiently. I program 1
the computer, so that it uses some of these expressions but it is
costly in time. And if you try to get the computer to do the problem
rapidly, this is the methodology you use to program the computer.

As we've said, the machine doesn't know the problem. The machine has
to be given the information about the problem. Now how much did I
have to tell yon so that you knew what the problem was? I had to tell
you 1624, I had to tell you $24. and 3.5%, I had to remind you that it
is 1966, right. Well, we had to count the end.of 1966, so in the
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memory of the machine, I have figuratively represented the memory
by these pigeon hole boxes, 1 have put that information in., I

have actually put number one in here, because as you will see in

a minute, I happen to need it, and the machine knows nothing. If

T need the number one for some purpose later on, I have to tell

it the number one, I have identified each of these boxes with a
number, an address, because the memory of the machine that we talked
about earlier is in fact divided up into these millions of slots.

Tt is divided into little boxes that can hold jnformation like this.
The machine, and we identify these boxes by a numeric addressing
scheme, My hypothetical machine, assuming that the biggest address
T have is 999, has a thousand slots in it. A thousand positions,

of which we are using only five. What I have written out here 1is
the program to do this exercise, exactly in that way, and let me
just very briefly follow it through. The first thing I tell the
rachine is the instruction "multiply $24 by 3.5%". Now, I can't

say the word multiply to the computer. It doesn't know wultiply,

it doesn't know what $24. is. ALl the computer knows is that it o
has certain capabilities, like add, subtract, multiply divide, com-
pare, ete, Each of these capabilities is a circuit in the machine,
That circuit is activated when a certain code comes up. A numerical
code in my hypothetical machine if I multiply, 1s the digit 18. So
the machine doesn't know "multiply", it knows 18, 18 means multiply.
Tt only knows these memory locations. So when I want to tell the
machine to multiply $2U4 by 3.5%, I really have to say to the machine,
18 003 by OOk, 003 is my $24., and OO4 is my interest. tnat's where
I put in my input. This number means something to the machine. Now
where is this number? It is in the machine. In fact, it is also

in the memory of the machine. Where in the memory of the machine?
Let's arbitraily put it in location 900. Now there are two different
kinds of memories in that machine. Two different kinds of numbers
in the memory of that machine. There 1s this number which is really
an instruction, that tells it what to do, multiply $24. by 3.5%.
There are other numbers which are the data. The data which represent
the problem. I've got to be very careful not to confuse these two
numbers. They both look identical to the machine. They are both
recorded magnetically in identical fashion. They just happen to
mean two different things to me. This means an instruction, and I
put it in that location. Now, I also want to be very careful not to
confuse the contents of the location with the number inside that
location, I don't want to confuse the address four with 3,5%.

3.5% is the number which is in the address four. These are two
entirely different notions, and they must not be confused. Now
they can easily be confused because for example, if in the next

time I do the problem, I want to use 4%, the number four is going

te be in the address four, but that is just a coincidence, they

are two different quantities. One is the address of the location,
and the other is the number that happens to be physically residing
in the location.

I say the next instruction is after I've multiplied, I want to
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add 24 to this - the result of this multiplication, it is of course,
the interest. Now I want to add the principle, $2k. to that, and
the code for add is 16, not "add". And how do I add $24.? Well,

ol 45 in location three, so I add location three to the result. The
result is sitting in a hypothetical register I have identified as
000. The next thing I want to do is take the result, which happens
to be $24,84 and store it some place. I want to put it someplace.
S0 I discover that if I want to store it, I have to have an instruc-
tion which is neither add, subtract, multiply, divide or compare,
but an instruction which is "store'". I suddenly discover that I
have to do that. That is one of those extra instructions that I
need on my machine. And I want to take that instruction and store
it someplace so that I can get at that result later when I do the
next line in the computation. I could have stored it anyplace.

But since I am only interested in really the final answer, and I'm
no longer interested in the $24., because that was in the bank as
of the first day, I know at the end of the first year I have $2k, 84,
and I want to store it right in that register. And this works just
like & home tape recorder. When you write something new in there,
it automatically erases what was in there before. So after this
step, $24. no longer exists in the memory of the machine, and in-
stead, $24.84 exists, and that is the current answer. It is going
to get harder and harder, of course, as you go along, Now, I

can walk you through the rest of these instructions that execute
that little exercise. I think if you look at them you can see

what we are doing. We then want to keep track here of what year
I'm at, remember the machine doesn't know when to stop. So how

am I going to tell it to stop in 1966? The way I'm going to do

it is, every time I do this little step of arithmetic, I'm going

to add one to the year so that at the end-of the first step, the
yea i1 be 1625, At the end of the next step, it will be 1626,

I just keep adding a one. That's why I had to put a one in there,
because I had to get hold of that one to do that little addition.
Now when I add the one, this number gets bigger and bigger, and I
want to stop when that number is 1966. How am I going to know that
it is 1966? Well, in this step, I tell the machine to compare two
numbers. Subtract one from the other. Now when the result is not
zero, it means I'm not through. I'm up to 1925 or 1932. I'm not
through yet., Then I tell the machine to go back and keep doing
this over and over again until it computes the final answer. I

want to draw one conclusion. I want you to notice that the instruc-
tion has the structure of an English sentence. It is a very important

notion. The instruction says in the verb part, what the machine is
to do, namely 18, 16, 20, 7 etc. In code it tells it to multiply,
add, store, reset, zero test, tells it what to do. The noun part
tells it what to do too. It is the object of the sentence. It says
add these things., Now the noun part is different from the English
nouns. When I say dog, I mean the dog. In computing, when I say a
noun like three, I don't mean three, I mean the information that is
in location three, which is something else again. - It is a different
kind of a logic structure. So there is a verb part and a noun part.
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Now you can imagine when you write programs in this way, the kind
of clerical errors that can occur in writing these numbers. These
nunbers, of course, when they are fed to a machine, are automatically
translated into the binary systei. Because inside the machine,
everything is binary, and I only wrote in decimal notations so we
could talk about it. Now we have the controls reside in places of
memory, To start the machine T go up to the console, and I tell

it to go to location 900, get the first instruction and do what it
says. Now the machine automatically looks for the next instruction,
in the next location, knowing that rule, I loaded them in the next
location, If the result of this comparison is not zero, namely,

if it isn't 1966 yet, instead of stopping, it will go to location
900 for the next instruction, I'm telling it to go to 900, so the
machine goes from 900 to 901 to 902, etc., unless told otherwise.

It then starts this thing over and over,

Now, in programming, historically this is an intolerable way
to program a computer. To tell it wha's to do. And it occurred
to people that a computer is such a powerful instrument thab - the
problems posed by this method of programming are in effect surmount-
able by the computer's capability. For example, why can't I instead
of saying 18 say mult on my punch card? Or in my other physical
media. And then tell the computer that every time it sees the
letters mult, it is to translate them into the number 18 in the
binary, so I won't have to remember that 18 means multiply. You
know that's a hard thing to have to remember, It is different on
every single machine., Of course, you know, every machine has a
different code., Another thing was why should I have to remember
that I put $24. in location 3. The real problem is that I have
thousands of these., I'd have to keep a map of where I put every
single number, so I might give it the right address. Why should
I do that? Instead of saying 003, why don't I say dol, for dollars,
and then tell the machine every time it sees the letters dol, re-
place it with the address 003, then I won't have to remember that it
is 003 anymore. The computer will do that for me. Now, if I can
do that, I could program this symbolically. Instead of saying all
these digits, I could say mult, dol, int, Now the machine would
say, "What he means is dol means 30, int means 4, substitute those
numbers, make them into binary numbers, and that does it, okay.
That's better. For me it is convenient."

Now, it turns out that there are other things I want to do.
This is an abstract of how I'm going to solve the problem. Before
I read a magnetic tape, this is a machine remember., People can
make mistakes, they can put the wrong reel of magnetic tape on the
machine, I want to make sure it is the right reel of magnetic tape
on the machine., I want to make sure it is the right reel of magnetic
tape, so the first thing I write on it magnetically, is the code
that identifies what reel it is. When I write this program, I want
to do something that has nothing to do with Manhattan and the Indians,
I want to tell my machine that before it starts to do this problem, I
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want it to read that first piece of information on that reel of mag-
netic tape. And it had better say Manhattan Indian problem, Because
if it says payroll, I may spoil the whole payroll tape. So I say to
the machine, "Before you do the problem, read the beginning of the
tape, and if it says Menhattan Indian you can contiinue. If it
doesn't, put on a red light and stop and wait for the operator to
come over, then type out on = typewriter you have the wrong tape on
the machine." It turns out that there are maly needs like this

that have nothing to do with any specific problem, but are problems
created by the existence of the computer itself, Problems of auto-
mating the assembly representation, problems of keeping track of
what you hesd in memory, memory allocation, problems of checking
input media, making sure there is paper in the printer before it

got printed. Let it just be hitting the platten, and no information
will get out. These are problems generated by the computer, and I'a
want to write a little program to solve each of these pro.lems. Now
what has happened is that these 1ittle problems have grown SO that
they are not only symbolic programs that translate a few letters into
a, few numbers, but they are programs which actually have another
attribute., They are programs which in a very few words are like
check tape. I call on the machine to execute a whole bunch of in-
structions which tells it to check the tape. That isn't just one
instruction, you know. That is a big deal. When I say check tape,
I expect the machine to read the tape, read the first number in and
check it against another number and compare it, do one thing if it
is right, do another thing if it is wrong, a lot of instructions.

g0 with a word like check tape, I expect many things to happen.

Now, thut set of instructions, I want to use for every problem,
not just for the Tndian problem, So I want to write that program
once for all time and use it all the time. The result of this 1s
that we have computing languages, with compilers. What are compilers?
These compilers are programs in the memory of the machine, which do
all these administrative things I just talked about. You take a
problem like this hypothetical Indian Manhattan problem, and you feed
it to the machine in symbolic, not even numeric mode, but in a sym-
bolic mode. You say to the machine, assemble it, put it together for
me, translate it into the numbers. Make sure the tapes are checked.,
Meke sure the arithmetic is checked., Make sure I'm using the right
printer, Things of this sort. Make sure the tape guide is really
hooked to the machine before you start. And it does all that, and
what it produces, this compiler is another progranm, it produces a
program that solves the Indian problem, I told it how to solve the
Indian problem, That would be twc steps. But I've also asked it,
by adding steps at the beginning and end, o do a lot more admini-
strative work, and what the computer feeds out to me is a computer
program that really does the whole job, that checks the tape, what
checks the arithmetic, that does a1l this in a binary mode., Now
it is like a two step dance. Now that I've got that program in my
hand, I've got to feed it back to the computer and,say to the com-
puter really do it. Then,and only then,will it solve the problem.
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So computer usage today has these two overtones, Half the time com-
puters are used not to solve the problems people bought their com-
puters to solve, half the time it is used to assist in programming.
To assist in compiling programs to help relieve the programmer of
the burden of communicating with the machine. The other half of the
time it is really doing the problems people bought it to do. The
first half of the task probably didn't exist before the computer.
They are computer generated problems.,

Now I've taken the same exercise and I've recoded it in the
popular computer.languages. This is the way the solution to that
program looks in COBOL. This is a business oriented language, and
every comma, every equal sign, every digit has to be punched onto
a card., They are all critical. They all say something to the
computer, and the computer takes “mese, this information, on those
punch cards and when it finishes messaging it, it punches out, or
writes on magnetic tape usually, a much longer string of binary
instructions which in fact allows it to execute them, This does not
solve the Indian problem. This only tells the machine what to do
to get ready to solve the Indian problem., The output of the com~-
puter from the COBOL compiler in fact solves the Indian problem,

There is a mathematically oriented language used broadly through-
out industry called FORTAN., This is the same problem solved in FORTRAN.
The differences are that there is a heavier line of mathmatical sym-
bolism, like parentheses, plus signs, and things of that sort than in
the other case. Otherwise it is more or less the same structure and
format. Here is the same solution yet again in another.new language,
beginning to be used broadly, called PLANIT, Superficially it looks
the same, there are some subhle differences,

Tast I want to show you something I did. You know today .1
talked really for the last ten or fifteen minutes about convenience,
If you forget about it, you can still program computers in their raw
native languege, the way some people do. All other things are there
for convenience. To make it easier to communicate. And there is a
price you must pay for convenience, namely, you must use & great deal
of your computer capacity to produce a convenience factor. So the
computer when it is doing that for you, is not doing problems for
you, in the sense of real problems, tha. existed before the computer.

One of the convenience factors that people are interested in is
not having to go across town or dovnstairs into = machine room and
handing their problems to a machine operator., 1Iher want a little
terminal in their desk in their office and the - we & to be able to
turn the button on like in a television set ana s nstantly be connected
to the computer by way of telephone lines, or some other fashion, in
conversation with the computer. They want to tell it that they want
it to solve the problem - the Indian problem. I did that and I copied
off how that conversation looked., T sat down by the terminal 35
miles from the computer. The terminal looked just like a typewriter,
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and although I won't redo some of the typing errors, when I hit

the button on the computer after I had identified a code number,

so that it knew I was a legitimate user, it typed out the black
letters. (indicates) As socn as I hit the last letter and hit

the carriage return key, it typed out "Ttm ready", and the first
thing T told it was to set the year equal to 1624, . That is how

I typed it in, exactly key stroke for key stroke. And so it went,
for the next letter, I hit the carriage return key, it said "I'm
ready" and I said, "Dollars are 24", Then I hit the carriage return
key and this continued until all this happened. Dollars are 24, and
this became veady, and then I said, "Add one to the year", so I could
keep track of the year, so I could decide when I hit 1966, I said,
"Compute the new dollar amount by taking the o0ld dollar amount and
multiplying it by 3.5% interest.” Then I said, "When you compare the
year with 1966, this code year means if it is bigger, stop, and if it
is not,continue.” And I saidy "When I am up %o 1966, print out the
answer." Here you will see a special code that is peculiar to the
system, a tactical code that one memorizes like any other language.
Whenever you say print, you automatically think of saying print zero,
And then when I told it all that I said, "I told you what I want to
do, start, do it." The question is where to start. "Start at 102,
start right here," so the machine said, "€zay, I'll start", and it
did. After a few seconds, it printed out the answer in this form.
This E means that the decimal point is not whers it is, it is in
fact seven places to the right, This is just another nomenclature
thing, so that the answer seems to be $3,088,000, It did that and
it stopped where I told it to stop. It stopped at the end of the
problem., Now also did one other thing., From time to time, if I
weited too long between sentences in this dialogue with the computer,
it would occasionally stop, and I have the actual printing with me
and you can see it and you can see all the spelling errors. 1t
would stop and reject and tell me that I took too much time because
this particular computer is programmed so that if you take more than
30 seconds of think time between lines, it doesn't know whether you
are thinking or if you have walked away. If you walk away, then it
is not going to waste time paying attention to you, so it tells you
that, and you have to desist from thinking or it will go away,

Now, I ask one other thing. What if I want to compute 4% or
4,5%, or use a different number other than olh? 8o I said to the
machine, "Now you have done my problem and told me the answer. 1
want to meke a change, I want to make a change in particular instruc-
tion 105. T want to change 3.5% to 5%", and that is how I indicated
this change to it. And I know want to know what tue new ansver 1is,
and I say, "execute the alteration", that is the code word, "alter
it", Tt now starts back at 102. "Dc the problem again, using this
new number." Which of course proceeded to do. It printed out the
answer, and you can see that the answer is fantastically logical.
The decimal place is nine places to the right, That means the
answer is now $423,000,000. just by raising the interest rate a
point and g half., Impressive, T think, Just out of curiosity, I
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did another thing. When I hit the start button, I also hit the

stop button. You can stop the machine whenever you want to of
course. When you hit the stop button, if you are fast enough,

you will hit it before it finished the problem, Then you can ask

the machine by this code word dump, to tell you where it is when

you stopped it. So I hit the stop button, and in that instant it
stopped in the year 194k, It had already computed up to 19hk, and
it told me how much money was in the bank at the end of 194k, And
of course if I hit the start button again, 1t would take off and
continue. So this is a very modern way of communicating with
machines, a very popular way, and obviously has very great pertinence
to computer systems instruction because it is a terminal oriented
thing. Now I want to make a point here that I think is pertinent.
Although there was no more purpose here than instruction, this
program I have used here was not written for instructional purposes.
You can see that because you are in & conversational mode with the
computer, because you are taking paias to program the computer to
accept only proper instructions, to it, you can't tell it to do some-
thing it can't do. There is jnherent in the thing an instructional
overtone, because whenever I tell it to do something wrong, I misspell
a word, if I wait too long, it tells me that, and as I use the thing
T become a little more proficient., I learn because of the "error dia-
logue" that keeps coming to me. . Sc computer usage inherently has
instructional overtones, whether it is terminal or whether it is in
a central computer. A businessmen thinks he knows how to compute his
inventory. He has been doing it that way for twenty years, and his
father did it that way and that is the way to do it. When he tells
the computer how to do it, the computer occasionally prints out
something ridiculous like, "If I keep doing what you tell me, I

will have the whole building full of coal," He learns that what he
thought was a well thought-out technique is not. That in faet his
procedure has a logical flaw in it. It will point that up. Business-
men have learned that one of the great advantages of the use of the-
computer in the standard fashion is the discipline it imposes on
business procedures. And that is a learning process.

Dr. Lewis: "Would you say a word about the dimensions of the
simulation problem? The simulation, the use of the computer.”

"I one sense everything you do in a computer is simulation.
Tn a broader sense, anything you do in an analog computer or in a
digital computer is a simulation of the real problem, Even when 1
em calculating a payroll, I am asking the machine to behave as if
it is calculating the payroll, and in that sense, it is simulation.
T think what you have in mind, the way it is more commonly used is
when you have a phyrical process which could be a measurement on a
super highway ramp. It could be people lined up at a theatre vicket
booth. It could be a physiological situation in a medical laboratory
where you are measuring respiratory rate. 'These are the things
people normally think of, Physical things. Where the computer has

been given the mathematical representations of these physical phenomena
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and by observing the movement of data in the memory of the computer,
it is behaving like that physical phenomena. So let's take a simple
one like the movement of automobiles on a highway or measuring con-
gestion on ramps. The computer, in fact, has been given all the
mathematical relationships of frequency of cars entering a highway,
speed of cars, slowdown rate, and what have you, and all the mathe-
matical theorems and cueing theories. What the computer then does

is caleulate at each instance. It says now a minute has passed,

in that minute each of the cars on the highway has moved ahead at a
certain distance or slowed down & certain amount, and at the end of
that minute, the following number of cars are queued up at this exit
ramp, and so many cars have had to go bumper to bumper here, If you
want, it turns out a picture of what has happened in that minute.

Two seconds later it tells you what happens at the end of the next
minute. Now you can tune this as much as you want. The machine is
so fast that you can simulate not just what happens at the end of
every minute, but what happens every ten seconds, and it can do that
in a millionth of a second. So, in a minute, it has simulated a
month's behavior in the finest kind of time measure that you specify.
And it can print that out pictorially,or graphically, or numerically,
and you have a picture of the flow of traffic on that highway. On
and off, slowing down at night, picking up on weekends, in a very few
minutes, and you can analyze whether you need a bigger ramp or a
smaller ramp. You can say to the machine, "assune that the ramp is
twice as long, what happens now?" and you get a whole new set of
answers. And this is the simulation process. Very, very powerful
methodology, that came into being with the computer because you
can't do that by hand, it is just too tedious.

Question: "Could you extend talking about simulation to speak
about things Simon is doing?"

"This is a very common simulation, One of the things, one of
the problems about the real world is that there are things we don't
know, and there are some things we know very explicitly., I speak
now as a mathematician when I say that, we have valid mathematical
representations. They are known as abstractions. But they are
valid. You know, if I drop a ball from here down, I can tell you
the equation that will predict how long it will take for it to fall,
and that equation is accurate enough. It is a very good mathemgtical
representation of the laws of nature. And there are many things that

yield to that kind of mathematical representation. Analytic representa-

tion. There are some phenomena that do not, such as human behavior.

Let me go back to my inventory problem., I have my bin of hubcaps.
And now I want to abstract. I know how to say that mathematically,
but there is one thing I don't know. I don't know how to mathemati-
cally represent the flow of requests by the consumer -for hubcaps. Now
what do I know? I don't know how to psychologically analyze--the con-
sumer to know when he is going to want to buy new hubcaps. I don't
know what the dynamics of buying hubcaps are. All I know is that over
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the last year, on the first day six people buy hubcaps and the next .
day seven, then one, then two, then three, then four, then five,

then seven, then two, then one, then none, then two, that is what I
know. T know that I have a discipline called statistics that can
give me all kinds of numbers to tell me the meaning of this distri-
bution, it can tell me the variance from this day, it can give me
seasons, it can give me seasonal bias in the same way. It can tell
me there is-a bias related to bad weather -because cars have accldents
and then people buy more hubcaps. There can be a bias to the announce-
ment of new cars. There can be many biases. . Now, I can do all
that, but those are all mi.croscopic measures, mathematical measures
of this phenomenon, microscopically, I don't understand. I don't
know how to predict that on that day, five people are going to buy
hubcay T don't know how to do that. That is a microscopic thing.
T know how to say that thirty per cent of the people who smoke die

of lung cancer, but I don't know how to say whether an individual

is goint to die of lung cancer. That is my problem., But in the com-
puter, when I'm simulating, the dynamic withdrawal of hubcaps from
inventory, to do that simulaticn, in view of what I have just sald,
at some instant in the computer's life, I can tell it how many hub-
caps to withdraw toddy. Today is Monday, how many hubcaps are going
to be ordered. I can't give it a statistic. If I gave it the mean,
if I said the average of all these numbers is four hubcaps a day, sO
every day assume four hubcaps will leave the inventory, that is very
artificial. It is obvious that's not true. There is only one instance
in fact, where four hubcaps were drawn from the inventory. It is a
very uncommon thing for four hubcaps to be withdrawn from inventory.
It just happens to be the statistical mean. I want the computer,
when it is simulating each day's withdrawal of hubcaps, is to in fact,
simulate this kind of behavior., I obviously want it, at the end of

s month's simulation, which may take a minute, to be able to demonstrate

to me that the average withdrawal was four per day, but I don't want
to use four every day. That's unrealistic. So how do I do it? Well,
to use a technique called Monte Carlo technique, you in fact say to
the computer, this is the distribution of withdrawal. And you can
represent that curve analytically. You know, by an expression, an
algebraic expression. And you say to the computer, figuritively
throw a data at that curve, throw a data. Now it does that math-
ematically by generating a random number., This is scaled so this

is zero and that is one, and it picks a number someplace between

zero and one, like point six or polnt seven or what ever. And it
does that randomly, and you can be assured of that. Then, having
thrown the dart at whatever the withdrawal number is, (the mean

here is supposed to be four) it looks at when I throw the dart, it
looks to see where it landed. Suppose we start by generating around
the number, it looks to see where it landed on this curve, and in
that instant that it landed at the point seven, 1t says to itself in
its program, assume seven have been withdrawn. And then it generates
another random number, which maybe will drop over here, and that says
one has been withdrawn. Now I take another random number which may
actually hit the four, so assume four have been withdrawn. What can
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you prove mathematically? Let me say what you can't prove mathemati-
cally. What you can't prove mathematically is that if I let the
machine do this, one or two or three times, it is meaningless, because
it will just be a distortion of life. But I can prove mathematically
that if I let the machine do this dart throwing often enough, and

that means millions of times, that in fact, the average of all these
eveiibs, because this curve is drawn the way I've drawn it, will in
fact be four, even though I may never get an instant that will be
four, And I can prove that, it is a physical truth. So when I

know that, I can then simulate inside my machine, this real life
microscopic behavior. Therefore, when I do this problem twice,

not one factor changed. The computer is not changed. I have Just
finished doing it and it printed out the answer, Now I want to do

it again. I do the same problem again, and I start the machine in

the middle, it will roll up like it did before, Every time it does
the problem it looks different because this process of generating
numbers microscopically is different every time., In the microscopic
sense, the machine is doing a different problem each time. you ask

it to do it. Microscopically I am never assured mathematically that
it is correct method strategy becauze of the statistical phenomena.

As a result, when you do the same problem twice in the simulation
modes, you often get slightly different answers. One time the answer
will be that you will have to order new hubcaps once a month, and

you have to order 25,000. The next time you run it, it may say

you have to order once a month at only 24,800. The next time you

run it, it will say you have to order once & month and you have to
order 25,200. Or you have to order every 28 days, you know, not

once a month. There will be minor changes because no one ever.

lets the problem run long enough to stabilize it to a point where

you wash out those minor differences. Now where it is very critical
you do run it long enough. And there are measures to determine that
you. have already run it long enough so that if you run it longer than
you know, the answer in fact won't change. Now this process appears
in almost every modern simulation. The Monte Carlo process. Because
it is a much more realistic representation of life than a pure math-
ematical model., It appears even in the simulgtion of physical processes
like petroleum distillation. It suggests, as physicists and people
read, that there are some phenomena in life which are in fact random
in nature. There are certain physical phenomena which are random.

So you can't have an explicit expression for it because, by definition
you can't. It is a random phenomena, And so you have to represent it
in this way. Of course, for example, the motion of particles in a
free environment, the motion of particles in a bomb explosion, say a
hydrogen bomb explosion., The thing that you probably know as brownian
motion in a glass of water. ;That is a random phenomena in nature, I -
mean that is naturally random, and you represent those in computers by
this technique. '
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Carroll Newsome, Vice President for Education of the Radio Corpor-
ation of America, has offered here a resounding challenge to educa=
tion. What does it avail to conquer time and space if it does not
know its own purposes and goals? Dr. Newsome's paper carefully
delineates the style of operation and the philosophy of one of the
glants abroad in the land of the new education. Despite this,
there is time for him to consider the needs of the child, the
professional, and the economy. He describes several technologi-
cal and methodological advances of industry and the problems they
encounter. Yet his message remains that the burden of direction
and responsibility belong to education and society.

Dr. Carroll Newsome

I was very much interested in hearing the tail end of the previous
presentation because Dr. Martin may or may not know, I had & little
bit to do with starting this thing originally. I was Vice President
of the Edison Poundation which sponsored some of the early activities
in this area, and I've been quite gratified to see the progress that
has been made. I'm not sure, in spite of what Dr. Margolin has said,
that the top man is necessarily the man you want in this kind of thing.
My particular responsibility happens to extend over T major areas and
3 minor areas; in fact, most of my time goes to the field of publishe
ing. I think as some of you analyze this you will understand that
perhaps that's where the time should go. When you're done with analyz-
ing the program which is presented to the student, there are lots of
opportunities here, I think, for considerable improvement.

I'm reminded, in light of the question which was asked a little
while ago, of Professor Klein, the leading German mathematician
educator around the turn of the century, who wrote in his book
Elementary Mathematics from the Advanced Standpoint, that whenever
you are working up a program in mathematics you have to realize
that many times the pedagogical does not have too much resemblance to
the logical. The way the students need to learn may seem illogical
to the mature mathematician., I think we have begun to learn something
of that. This was a hard lesson we had to learn in the early days of
ESI; in fact, 7 think we still have some lessons to learn in this
connection.

I have in front of me some notes that I jotted down on the plane
so that I wouldn't run all over the countryside today. I might say
as I start, you have asked me to talk particularly about the computer
and some things thal we're doing with that, even though I happen to be
a personal friend of John Van Neumann, and talked many %imes with him
in the early days of the development of the computer, I no longer
profess to be a computer specialist. I have let the other people
take it over and it's become an extremely complex area, such that a
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person in my particular position cannot hope to follow the computer
developments in the detail that would be nice if you could do 1it.

T notice as I read the literature that 1is put out in connection
with your activities that you hope to develop some model approaches
to the educational field. It seems to me you're approaching your task
in an extremely praisworthy fashion. I might just throw out a prelim-
inary comment that I feel personally that we are embarking upon a
major revolution in the eduecational process, a type of a revolution
that actually got started as some of you know back in the 30's but
without federal support and so it didn't get very far. Now it seems
to be taking hold, first we have technology maeking a major contribu-
tion, and psychology of course has done a lot, so I'm hoping as
you people get into your problem that you will be able to point the
way in a field where there's a tremendous amount of ferment and a
1ot of crystallization seems to be desirable.

Some of our people who work on computer applications are very
close to me in this work. We have frequent sessions, we argue, we
debate; I find abt times T do not agree with them; at times they do
hot agree with me, but I have to present this to you from my vantage
point and let me first then look at the hardware end of this thing.

You people of course are informed sbout the controlling unit of
these systems with which ws're concerned, which is a digital computer;
it's been described as an information processor. I like to think the
analogy can be found perhaps a 1ittle betier in the field of behavioral
psychology where you get a distinct reaction to a specific stimulus,
you program the thing in advance so that it reacts in a very specific
way for each particular stimilation that you feed into it, which of
course puts a great burden on the programmer, This is immediately
important. Now when I come to this mechanism, I think it's only fair
to say that its capacity for storage will increase, the speed - time
iy which it reacts is going to increase quite decidedly, the cost of
the compnter is going to come down, some of the things now in the
works are bound to have a great impact upon the economiecs of this
field. As you look ahead in trying to analyze the role of the com-
puter in the educational process, T think it's only fair to say that
the cost = the economics of the thing - will change drastically in the
next few years. One thing that I'm sure you all realize, it's become
s fundamental part of our thinking, is the fact that schools, colleges,
universities, going into this field will not go in with the thought
that the computer is going to be used solely for the instructional
process., Rather it has many many other uses; I'm impressed by the
number of school systems now coming into talk about computers to help
them with their record keeping, their guidance problems, their basic
management problems, and so on. The computer will not be used only in
+he instructional process, but we find a growing tendency to super-
impose the instructional process upon another usage, which of course
again changes the economics of the thing.
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May I comment that we've been inclined to use the term CBI,
computer based instruction, instead of CAI. The computer will have a
more general relationship to education than Jjust direct instruction.
One of the problems with which we have been very much concerned
has to do with the various input and output devices, in otherwords
the interface beiween the student and the system. How is information
fed into this and then how is information returned to him? I would
like to predict that in the next decade the greatest progress perhaps
in the hardware area will take place in these particular areas. A
company like the one which I represent has major research projects
that have teo do with character identification, in fact considerable
progress has been made in this area, voice identification so that you
can talk right in end communicate directly with the machine. You will
have return devices of the same type, you have so-called light pencils,
and many different types of displays. I might say, this is an easy
thing for a company like the Radio Corporation to concentrate on
because knowledge about these things becomes fundamental to many
other parts of the company®s operation. We don't usually talk about
the amount of money that we put into this interface type of equipment,
but I think that you might be interested in knowing that our annual
expenditures, just on this kind of thing, these input and output
devices, is up in 8 figures. This we believe to be quite fundamental,
We have to be able to convey information to the student at the level
of sophistication that he can take it and use it. The input operation
has to satisfy the same requirements,

As you look then at the various computer systems I think you will
find that at the present time these are fairly crude with respect to
this interface equipment. It is a very tricky process to develop
this kind of thing. Many of the things I am talking about, or at
least have implied, are available, but they're in the process of
perfection. Sometimes 1 think companies may be too conservative,
but there's real hesitation, especially in a teaching situation, %o
put out something until it's really ready. I think one thing that
we have had to learn as a result of our experience, we've had a
certain amount of very interesting experience in trying to teach
youngsters with a computer system that we have in operation, is the
fact that the mechanism is not thoroughly de-bugged. If it doesn't
work perfectly you're in trouble. We've had some bitter experiences
already where a youngster finds himself thoroughly demoralized, he
loses lots of confidence in the operation, if it doesn't work right;
if the image is blurred; if for some reason it isn't doing what it is
supposed to do.

Personally, I've been very conscious of the necessity of getting
the best of this type of interface equipment, Wefve put some things
out to try and then we've yanked them back because we thought it
wasn't good enough yet for students to tinker. Students have a
tendency to personalize these things you know. I was very interested
in watching a little girl, a while back.  After she'd been corrected
about three times in a row, she said - "Well, I'm trying the best I
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can; don't you know it?" And this is a very interesting thing -

how a mechanical device becomes personalized after a while. This of
course becomes a real challenge to the people who are producing

this equipment. You have to realize this - that you can be less

than helpful if you don't come up with hardware and the software that
has been thoroughly debugged and works very well.

But I wanted to throw this in because I think generally as you
get round the country and see what is going on, in the use of CBI (or
CAI) you'll have a certain amount of dissatisfaction as I have in
regard to the interface equipment. Much needs to be done; it's an
ares in which we're doing a great deal and I'm sure the same thing is
true of other companies. As I say this is not too much to ask because
we need this same kind of equipment for other applications of the
computer, beyond what you do in the instructional process.

Now coming to the software. I heard the previous speaker say
quite correctly that we've got to give proper attention to the soft-
ware. T think the teaching machines, the elementary teaching machines,
that were out here a few years ago failed partly at least because
of poorly created software and inadequate amounts of software. So
much attention has to go into software that we feed into these mech-
anisms. . You may have to experience it to really realize what a
tedious time-consuming and expensive process it is to develop this
software. -You can spend an awful lot of money before you know it,
and occupy many meny people in the development of this software if
you're going to do the kind of a job that you want. We decided
very early and we've been playing with it now for quite some time,
that to get the proper kind of software is beyond the capability of
one particular company. After all, knowledge is very big and you've
got to have diversities of approaches. Some of you may have noticed
in the press a week or so ago that Harcourt-Brace announced that they
were developing software for our system. I don't feel free to an-
nounce the fact that there are four others similarly engaged. They
will have to meke their own announcements. There's no contractual
arrangement or anything of this sort. Tt's pretty much the same sort
of thing as the Decca people meking a record to play on a machine
over here developed by someone else. I like to think this is a very
important development, because the more the different groups we can
get in experimenting on different kinds of software, it's highly
desirable. And the approaches of these groups will vary somewhat;
they'll be trying different subject matter areas. But I think it's
quite important that we now have many people working in the software
area, creating substantial budgets to work on this. I think this is
a very good omen.

I've been curious all along as I look at this software area.
Tn fact I used to debate these things with Omar Moore a good many
years ago. I think ae you analyze the use of the computer in the
instructional process, knowing something of the limitations and so

2Tt

e e o a e S e R SRR

S




38.

on, I have become convinced there is a kind of a sophisticated level
on which some things can be done. I like to think that I can see
approaches that actually come to grips with the inductive process
for example, and so on. But this is not easy. First, you're all
aware of the use of the computer in a great variety of research

process. But I'm sure there's kind of an esoteric area up here that

we do not as yet understand. However we have another area of activ-
ity in which we're working now, you might call it kind of a non-
sophisticated area, and I like to explain it this way - that we now
are in the process of programming these computers in areas of know-
ledge where we have complete systems. Omar Moore used that same
expression. I'm sure you know what I mean, and this is a mathemat-
ical expression, and roughly speaking what we mean is that we're
working in areas of knowledge where most proper gquestions can be
answered in terms of the accepted principles of that branch of
knowledge. Some of you may be familiar with the theorems of Bertiolli
and, others who actually demonstrated that a complete system is not
possible. This of course gets again up into this esoteric area

which makes the whole field quite exciting. In fact I think that we

will find more and more that some of the things I'm talking about here
become major activities in the field of logic and foundations of
mathematics, because here are some very interesting ways in which
these things can be used.

For example, we have been doing a lot of work in programming
computers to teach skills in arithmetic. Here, so far as we know,
Whitehead and Russell professed some years ago to think that they had
demonstrated that you had a complete system, a consistent system,
in other words the accepted principles of arithmetic are adequate to
answer all proper questions. We don't debate whether 2 + 3 is 6 or 8
or something else. Here then you have a well-defined area of know=-
ledge where we can work with considerable satisfaction. Consequently,
some of us, some 3 or 4 years ago decided that the ar=as in which we
would first tackle this matter of programming the computer were in
such areas as this, where you had complete systems. Plain gebmetry,
of course, would be another, You can think of many others, but arith-
metic is a very simple case. And of course you can go on in other
areas where the principles are well defined, and where we think we
have complete systems, to prove this kind of thing is very difficult,
but on the basis of the evidence we think we have a start.

‘At the present time the company which I represent is spending a
lot of its time in developing drill and practice materials. These
materials obviously then are supplementary to what else the teacher
does in the classroom We expect the teacher to take the lead,
providing the underlying theory, the explanations, but when it comes
to the matter of drill and practice, the youngster appears before his
console and he goes through this sort of thing.

I understand you're going out to Palo Alto. Much of what we
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are doing now, what we discussed three or four years ago, has

taken form in what is now going on in the Brentwood school. You'll
have some very interesting demonstrations of this kind of practice
material. We have evidence that this works very well. We have been
playing with this now long enough to see results, and test these
results against other procedures. One thing, of course, that's
interesting in all these computerized developments is the ease with
which you can maeke changes. It's a very interesting thing; it runs
into what we're now calling our graphic systems too in which we're
editing pages of newspapers and magazines, and the ease which you can
mske the changes is fantastic. If a particular approach to one of the
principles is not giving good results you can rather quickly make
necessary adjustments.

At the present time my major efforts are in the field of the
elementary, arithmetic and language arts. We expect 1in our case, that
our educational representatives and our psychologists would take the
lead in this. I exercise a certain amount of right to debate with
them, which I do frequently. I can be fairly cantankerous if
necessary in insisting that I don't think scmething makes sense, but
nevertheless, they take the lead and they bring up the proposals for
us to debate the approaches that they propose.

We are moving into more advanced activities. Dr. Duncan Hansen,
of Florida State University is a man in whom I have great confidence.

T think if you get a chance to visit with him, it would be very much

worth while. He's a very forward thinker in this whole area; I've
gotten to be very high on Professor Hansen because I feel that he's
got a philosophical approach to this thing that is very very sound and
profound. You'll have to talk to him at length sometimes to really
understand the depth of his perception of what is going on here. He
is not a superficial man at all; the kind of fellow I'd like to think
will be determining some directions.

So as we move ahead in some of these areas I'm sure you would
agree with me that one of the best ways of teaching any subject is
what we might describe as the Socratic method, instead of sitting
down and telling a person, this is what you do, you ask him questions
why did you do thus and so? When he replies, you raise another ques-
tion, rarely inserting a positive comment; in fact, a couple of years
ago I went through several derivations in the calculus this way. I
happened to have played with this many years ago as a teacher and it's
the kind of thing that now we're beginning to introduce. You can
use this in fairly sophisticated types of derivation and analysis of
problems. Just the question and answer method you know. It isn't
of course the usual lecture approach, but that obviously is passé as
you go into this kind of thing. It's within the context of what's
possible and what's desirable in this area. Wetlre having a lot of fun
now debating where this can be used, and where properly it should be
used, in more sophisticated work. In fact some of our men are now
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working on what they call the tutorial, which is essentially what

I'm calling it. Patrick Suppes out at Stanford may tell you a little
bit if you ask him about things that he's doing and what he describes
as the tutorial. '

Another area in which we've been working with a couple of other
agencies was cued a bit by what is going on in the field of medicine.
Traditionally our tests have given us some numbers that we then have
tried to interpret; as one of the leading testers said the other day:

. "Really, all that these things have done is to give us symptoms. They
really haven't given us any diagnosis." We are now moving into the
realm where we can get diagnosis. What are the basic troubles of kids?
The difficulty appears over here and over here, and over here. They
may seem to be disconnected but there's a pattern that runs through
that can be detected. I point this out as another direction which we
now have considerable interest. We call it the diagnostic use in
which we propose to do something with people who have learning
problems and who are not doing too well. We hear much:discussion of
Negro education. How can we move into the diagnosis of such basic
difficulties and the need for this diagnosis?

I don't mean to say as I point out some of these directions that
this represents everything in the future. It's become kind of an
axiom in our operation - that any of these things that I'm talking
about merely become a part of the educational program. We do not see,
as of the moment, a computer or any of these other devices taking
over the entire instructionsl program, except possibly in business and
industry where you have restrictions on the availability of teachers
and you have to do the best you can. But in the school itself, in the
formal schooling process, we're locking at all of this as simply

being one component of the cducational process. . I think I may be a ...
little bit. responsible for this because of a basic concern that I've
had, for years, tied up a bit with what I said a while ago about
dealing with complete systems of knowledge.

I've been concerned for much of my adult life with procedures
that maintein the statiis.quo that we haveuport..of.built in our .
educational system. We are determined to teach kids the principles
which we have set which are orthodox. We must more and more encour-
age the unorthodox. I happen to be a student of Mr. Einstein a very
curious man. I don't want to start giving you a dissertation about .
‘Mr. Einstein; but I happen to believe in the case of Mr. Einstein,
who was untutored. I remember Miller touring the country back in the
20's sgying how could physicists accept the kind of childish thing
obviously written by a man who knew no physics. Well this is correct.
And as you look into his background I'm sure this is right - he
knew no physics. I used to talk to him at length, he knew no mathe~
matics either. He, but he came up with thése principles because he
began to look at these phenomena untrammeled by the accepted, and came
up with new doctrines. I believe this sincerely. We had A very in-
teresting experience over at ESI. One youngster who was regarded as
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a moron, a Negro lad incidentally, who would take hold of certain :
pieces of apparatus where you had unequal levels of water would
adjust them. When he was asked to explain: "How did you know how
to do that?" "Very simply, see so and so and so and so." The
physicists smiled because they said he doesn't have the right ex-
planation, even though he got the right answer. Under further re=-.
flection they decided his explanation was better than the accepted
one, and it was then put back into the material.

We have to watch this, especially in some of the areas that are
pot as well developed. We want thinking that isn't absolutely

orthodox. - We can do a lot in teaching people what is accepted, and

be sure they know what is accepted, what is orthodox. We get the
replies that wculd indicate that. - But I see no substitute as we go
ahead to seeking different approaches.  In fact I happen to be a
personal advocate cf many seminars of 10 or 12 youngsters, where you
get an interplay of minds, perhaps even with a student inoderator.
Things come up that are not found in the testbooks, interesting ideas
that need to be explored.

- Well, I'm simply saying that we now are working on the assymp-
tion, other people may disagree, that anything we're doing in these
areas can only be a component of the whole instructional thing. We
can do an excellent job as we're doing now in arithmetic.. Our:suc--
cess in teaching the multiplication table is fantastic. These kids
know it. In fact when they get through with the kind of an experi-
ence that they go through here they know the multiplication table
and, they learn it in a fraction of the tiwe - no question about it =
the evidence is all there. A lot of these areas - there's very little
excuse in the future for poor ‘spellers. A lot of this is just a
matter of drill. Irregular words do not seem to obey the conventions,
you memorize them. The success in teaching youngsters to do these
kinds of things is terrific. -So wherever you meet the need for drill
within established conventions you can do an awful lot. If you
move on up into fairly sophisticated derivations you can do well.

T have been working with a fundemental theorem of integral calculus.
You can teach this this way and go through it :step by stéep.. You
never ex,lain a thing - just asking gquestions: they reply - like:
"Why did you do this? Didn't you know this?" and so on back and
forth. Then they go through and make their own derivations.

I'm sure you all agree that ultimately the environment, the
learning environment in which we place these kids, will contain a
lot of things. We will see coming together a great variety of
audio-visual approaches, many different things, in which the com-
puters, aiming at CBI as merely a part, I think this is another
thing that has to be anticipated as you look ahead. Instead of think=-
ing of it as an entity in itself, how does this fit in over here and
over here and over here. I'm concerned with how it plays a role in
ihe ares of instructional television. I think I begin to see more
way:. in which this will work. - So we will be seeing coming together

o
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in the future a lot of these things. I simply ask you then in your
deliberations not to think of this in any sense of the word as a kind
of separate unit. Instead ask how does it fit in with many many other
things that are going on., - I'm wery much concerned with the teaching
of language, playing with it in many different ways. - Yesterday we
made available to the public these taped cartridges that you can take
home and simply stick in your set, if you have one of these things,
and receive drill on language. I'd way we're only 3 years away from
a general instrument in the classroom that you can program for the
use of cartridges to have the audio displays you want. - Visval dis-
plays are in, blackboards of course are out. Visuals will come over
a big display and. the ease with which many of these things are being
done right now,; or can be done is amazing. -When you take a little
cartridge like this and you put it into an instrument;. just push it
in and it starts; it goes for an hour and twenty minutes. And you
can select out of it anything you want. By the way this becomes a
part of your computer based instruction. The audio foarms of the
device will be available very rapidly, just because we have it under
control. - Some of us have had considerable success in controlling

the mechanism that mekes this audio display visible.

Well, I'm going to stop here. . What I've said may appear to be
more philosophy than anything else, but. I thought you would be in-
terested in seeing this field as I see it. - I'm not a computer expert,
but. one who inflicts myself upon those who say they are. I may have
indicated. a little of the direction and the present status of the
art as I am inclined to see it. :

T might say this, I hope you don't mind,. As industry gets into
this, it's been. traditional I think for there:to.be 8 :schism bétween
industry and education. I know this was true back in the 30's. I
feel now that the orientation of industry is very strongly toward
education. - We have regular seminars at Princeton on the learning
process. .Of course, we have a lot of behavioral psychologists there
and, so on, and we get a lot ot this kind of thing. And in fact we
have been a little critical of educators. One of the fellows who was
in today said: . "I wish we could get these ~ducators to think more
in terms of fundamentals rather than in terms of gadgets." I have
recently had representatives, a team, from a well-known teaching
institution in a while back. - They said: "Would you work with us to
develop a model teaching environment?" I said I'd.be glad to and
talked to them a little bit. I said: "Are you prepared to tell me
what you're going to try to accomplish? What is it you want to do
here?" Their answer was: "No - we thought you'd have something to
supply."

T think few people know how advanced technology is at the pre=-
sent time. We can give you almost auything you want. Now it may not
‘be as perfected as we might want it; but  it's pretty hard for you to
name anything, now this is amazing maybe, that we can't do or couldn't
give you after another year of so of perfecting it. - But the challenge
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right now is an educational challenge. What are you trying to do?
What are you going to do with the kids when you get them in there?
What kind of environment do you want for them? I had a president come
in yesterday from an institution in the Southwest asking: "Can you
come down and build us a modern institution?" "Well, what are you
going to do with tne kids down there?" Answer: "Well, I don't kunow,

you tell us. "

As you get into this area I'd like to emphasize my personal
belief, that industry is pretty conscious of these things., .Frank .
Keppel and I spent a lot of time a few weeks ago talking about it.

We're trying to get down to brass tacks; we've got to see what is fun-
-damental in¢this thing before we get too much involved with gadgets.
And so I just throw that out for whatever it's worth, because I think

education has a real challenge now.
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Much of the development of CAI will depend on the effective in-
teraction of industry, education, government and the ultimate con-
sumer. At least a portion of this cooperation was demonstirated
by Mr. Muller's participation in and assistance to our study. His
paper states, in direct and lucid fashion, some of the problems
faced by industry, and addresses itself as well to industry's

need for both restraint and support. In addition it provides a
comprehensive view of the state of the art at this date. This
frank summary of CAI from the corporatc point of view provided a
valuable launching pad for thc briefing of the panel,

Mi. Leonar& Mhller

This is a presentation that has been given & couple of times

-before. It was a presentation by us, to Dr. Hornig and his group at

the White House, and later to Commissioner Howe and some of his people.
The purpose of it was to give our view of technology in education at
the request of those groups. Thatiisi:the fundamentel subject.you folks
are concérned with,

We call it the Busy Chart, and it was deliberately made busy

“because in this particular chart we were just trying to convey a fact

that you all know far better than I do. It wasn't many years ago

that the process of education was reasonably simple in terms of
development of curriculum materials. .That.is to say, there was a time
when a man could sit down and from his own mind, or from the mind of
one or two people, develop a book which was the fundamental element of
a course. .He would then find a- publisher, publish this book and then,
based on the brilliance: ofthe'teachers.who used it, you had & course.

- And the point of this chart is merely to say that the thing has become

vastly more complex. That today we have a great many more media than

‘just books. We have many different things, such as audio-visual

aids, television, language labs and computers. But in the education-
a2l area more-and more of the educators are beginning to consider. the
fact that the student body is not a homogeneous group at all, but’
highly heterogeneous and has to be treated differently. The key

point is that there are two particular groups of some importance which
have entered this area, for good or for ill, government and industry,
and are impinging upon the educator's traditional role.

. But there are a number of different methods by which these many
different media can be applied. Virtually all the disciplines at all
levels of schooling in the framework of this heterogeneous school
system and student body are involved, and with the involvement of all
of these people, the thing is getting awfully complex. Too complex,
perhaps. If these innovations are to'bé:successful thiére, it%s going
t6 be a challenge to the partieilpants here to bring some orchestration,
some fruitfulness out of all the things that seem to be impinging on
or entering the educational area.
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Education tcday, in fact, is Jjust not the traditional formal
education, it is every type of education imaginable, including more and
more adult education as time goes on and as the needs of society rise.
As a business men I rely heavily on a lot of advice from educators both
within and out of our company, and the net of all that we can see put-
ting our heads together is that technology in all forms does enter
virtually every discipline imaginable. It isn't Jjust in the hard
sciences for example. I am very interested to see that there is an
architect in this group, and.I gather from this and the other names on
the 1list, that the total organization of the educational system, from
the actusl construction of the agency to the way it is managed and or-
ganized would undoubtedly be radically afifected by the introduction
of thise innovations. Not only technology, but also the many other
teaching innovations that are coming will be considered. By the way,
when I interrupt myself here, to say that T apologize because at times
I am going to speak to some of you who know a great deal more about
certain subjects, I know many of you know a lot about CAI, and some of
you don*t. So based on our lack of individualized presentation,
Forgive me.

You are interested in where we will be in 1980. Clearly, the
computer and many other technologies, such as video presentation and
so forth, are going to result in a much different educational organi-
zation. Instead of a traditional classroom with a fixed number of
teachers to draw oun resources, there will probably evolve specialists
vastly different in role and function from those we have now. Already
this is happening, different arrangements are being tried ranging from
no teacher-and one student, all the way up to the teacher and a very
large number of students. There are going to be specialists, and they
are going to have to be involved in teamwork. For example, as we get
into CAI, I am sure that course preparation will evolve from teams of
people. Media specialists who understand the best way to present
materials from a visual-avdio standpoint, subject matter people who
understand what needs to be taught,. programming oriented type of people,
T don't mean programmers, but people who are capable and interested in
program development. -Most people-are capable but many are not in-
terested in the extreme: discipline that is required te construct com-
puter instruction. The impact on the structure of education is going
to be profound. .To begin with many factors limit mass use. I think

it is interesting to note, first of all, if you put one terminal in

every classroom in the United- States, it's a wild guess (because we
don't know right now what the state of the technology will be), it

will probably require. the combined manufacturing capacity of every com~-
puter manufacturer in the United States. And similarly, to change the
structure of two million classrooms, or institutions involving countless
people  is not a simple thing. This is obviously a long evolutionary
process, but we do see that it is happening. And finally the point of
this chart is merely to re-emphasize that there is no one technology
that is the answer.
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As an example of the necessary orchestration of media and method,
in any given course, in a sample week, on Monday, the use of slides
for a lecture might be the case. But the next day perhaps the exposure
to technology might be a CAI terminal for some instruction and some
testing. But possibly another day a video lecture; and finally,
another day perhaps jou would use the computer in a simulation to test
out what the student has learned, and give him a chance to exercise it,
and finally, perhaps a documentary film. So there -are a number of
different devices. I think that one of the great dangers that all of
us in industry have to guard against is getting our particular pro-
duct and trying to push it as the panacea. We are very sensitive to
this in our own particular company and I think that industry can do
itself a great service, if it is very careful in recognizing this so
that it doesn®t put itself in the posture of telling education what is
good. Instead it puts itself in the position of presenting an array of
things that education can select from, that it can emplpy if it chooses.

If you look at the vast array of media that are available against
this structure, this environment of teachers and students, against all
the diseiplines involved with all the approaches you can take it is
impossible to discuss any one particular one in great detail, or
any group of them in great de=tail. Nevertheless we are convinced
that the computer has introduced a very pervasive technology. For
this reason, I will confine my remarks to it and give you some of the
ideas that we think apply to the use of the computer in educational
process. We've been exploring what is called computer cssisted in-
struction since about 1957 in our research laboratory. We got out
of the laboratory about 1960 and we began to put terminals into a
number of universities around the country on an: experimental basis,
on what we call joint studies with these insticvutions. Out of that
has grown the conviction in our minds that there is something to it.
We're not yet sure, but now we admit tnat there is sufficient evidence
there in certain areas. We are absolutely positive in other areas
that it merdited going in in much greater depth into education to
prove this thing out. We are at that stage now. I know that you all
are going to Brentwood and other places where you'll see both IBM's
and other manufacturers! attempts now to try to get this new con-
cept actually valideted under real conditions. We feel that we are
now more or less in the Sarnoff's color television syndrome stage
with CAI. The problem is that you know you have something in color
telgvision, but nobody can afford te advertise because there aren't
enough color sets out, so nobody does color programming. Nobody
bought the color sets because nobody did color programming. We have
the same situation here with CAI, you are not going to be able to
provide CAI hardware, which we are interested in doing, unless there
is programming for it, i.e., the course material. And of course you
are not going to get the course material developed unless somebody has
some hardware to do it on. Well, we find ourselves at this impasse,
that is why we developed a system on an experimental basis to try to
break the ice. I hope other manufacturers will try to do the same.
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Now the purpose of this presentation is to say the following:
That we have tended to fill in I would say all of us, including this
particular group, my own company and universities around the country,
have slipped into an aspect of computer agsisted instruction that is
only one part of the whole picture. I would like to say that anywhere
the computeor assists in the educational process in the future it will
be computer assisted instruction. The purpose of this chart is to say
that there are a number of ways that this can come about. The
tutorial approach. The Brentwood approach, which we are deeply
involved in, the University of Illinois, Florida State University
and so on are primarily aimed at the tutorial approach. There are many
other approaches to using the computer in education that can have as
profound an affect in the long run as what we are now tending to
confine CAI to, which is this area. If you will bear with me in the
theory that anywhere the computer assists instruction it ought to be
called CAI, then I will go on, I really don't care about the terms.

I don't know how many of you know of John Flanagan's work as
head of AIR - (American Institute of Research) out in Palo Alto,
California: Westinghouse is financing it. He is developing a program
for which there are great hopes where the student is never on the
computer at all. I understand you are going to Oakleaf. The great
problem at Oakleaf in the attempts to individualize instruction is
that the actual record keeping problem becomes impossible. If you
have any number of students who are going to move at their own pace,
particularly if they are going to use different speeds, you get into
a counselling=-guidance-testing-record keeping and scheduling problem
that confounds you. - You get into the very problem you get into in
terms of calculations required to get someone to the moon. And again
this is the place where the computer can do a fantastic job.

This chart is just to point out that the computer is a fantastic
problem solver, and we know it. - There are 30,000 of them installed in
the United States. I know Lou went through the thing with you this
morning and I hate to follow him. But we know it can do fantastic
things in problem solving. And this fact iz a very important element
in education. On the other hand, a report put out by a Presidential
Advisory Committee on this recently, said that only 5% of the college
students have adequeate use of the computer, but another’35% need that
same amount cof access, and another 40% require comparable amount.

You are merely talking about_problem solving at the college level.
This chart tries to show that it isn't Jjust confined to mathemetics,
physics and chemistry, but also operates in the area of social
sciences, in the study of criminal behavior, ete. You can provide

a student, for example, with data, which is available, general
statistical data, i.e. how many people with income from $5,000 up

or have only had & grade school education, or who are married, or

any kind of real or constructed data. Given this kind of information
and addess to a computer, a teacher can assign problems of rather high
difficulty, such as this one. What is the probability that an
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, unmarried college educated male who earns $7,500, Protestant, aged 25,
; ‘ will commit a burglary? New, the point of all this, and I've seen

it happen where we've been experimenting with children, it leads
students to gquestion, when they can start. They really get excited,
and they really do start to probe into areas that otherwise they must
either just read out of a book or settle for someone else's opinion.

So, the idea of using the computer just as a problem solver
suggests some very interesting possibilities. Let me give you
another example. Charlie Miller of MIT has been doing this now for a
number of years. He assumes that the computer as a problem solver is
a powerful tool to be used in his classroom. He teaches civil
engineering and, giving the students considerable access to computers,
he assigns them problems involving computers. As an example, he is
assigning his freshmen level students senior  level civil engineering
problems. .One example that I was given, was the development of one
quarter of a cloverleaf of a superhighway. Apparently it.is a very
complex problem. You get into grading, and spacing curving, and what
is called filling and so on. A very complex problem. He assigns it
to his freshmen, in the college, one freshmen class, mind you, &
problem you ordinarily assign to senior civil engineers, and every
member of the class finished it. - Some members of the class went on to
finish all four sections of the cloverleaf.

. Now, suggest the possibility that you may want to teach a
student how to solve a simultaneous equation. From that point on,
one can argue, end this is up to the educator to decide where
you draw the line, whether he ever needs to know how to solve a
simultaneous equation again. . A computer can solve untold numbers of
simultaneous eguations and very complex problems for them. You .can
have a flight of fancy here, and again, I think education's decision.
Tt is not whether it should use this, but how. You must question it,
just.as you must question of a dictating machine whether it really is
necessary to teach a child to write. .It is a real question now
whether it is really necessary to teach a child to add.  Of course,. I'm
just being facetious here. But there is some relationship. You now
have the possibility of bringing a student in to design a bridge,
instead of just one element of the givder. He starts at a much higher
level and its very exciting.

The area of simulation is very little recognized by laymen. - But
interestingly enough, we have for a number of years known how.
Mathematicians and others have known how to use the digital monitor
of a computer as a fantastic simulation device. I personally saw, at
the Atomic Energy Laeboratory in Livermoore the entire atmospheric
s envelope of the world simulated on a computer, and then through the
use on a television like scope, a cathode ray tube, an instrument
similar to those used at the Palo Alto-Brentwood School project.Then
by a very complicated simulation method, the photograph was put
in motion, in three different colors. The minute it was, they showed
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the world at a steady state, and they had simulated on the computer
a1l the effects on the earth's atmospheric envelope of gravity, .

cosmic radiation, the differences in temperature of the varying bodies

of land and water, the friction of the earth, etc., etec. It started
in a steady state, you could see the Western Hemisphere which is what
they chose to show, and suddenly they had shown by these three
different photographic effects, the isobars and pressure levels, the
temperatures, and then they showed weather itself, the rain, and so on.
Slowly, this thing was put into motion, and bit by bit, the Bermuda
Low began to appear, and the Atlantic. Low, which apparently is a
standard of weather phenomena, and another low - the Vancouver, .
somehow which is usually generally clear. You could see weather
moving across the United States, rain began to form, and so on. A
complete, if not perfect, but probably rather good simulation

of one of the most complex phenomena possible. Now, the point of ~

all this, and let me just skip ahead and show you a similar type of
thing. This is a printout, from a computer, on a printer, of a
similation of a fluid dynamic situation. Where a solid column of
water is set in motion, is released, and a wave begins to form. Now
the possibiiity here is to expose students, in a simulated environment,
to vastly more complex things than we could ever afford to expose

them to. You just cantt afford to put a Taylor Model Basin in every
school in the United States, or inside a chemistry laboratory, or

what have you. But, every day, right now in the United States, at

North American Aviation, if you go to Taylor Model Basin, if you

go to any of our research centers, you will Find untold programs,
already written simulating various physical phenomena. Flow dynamics,
thermo dynamics and so on. And here again, my point is to say that

not only can this be possible a very powerful tool, but "that the
material is already there. All you need to do is somehow back. it down,
so that our students who are going into that enviromment learn to use
it. Instead he has to wait to become an adult to learn to use it.

Now the purpose of this charts (indicates).is only to show
that a computer can be used to simulate some of the simple laboratory
type experiments in a physics laboratory. In this particular case, -
this is just sort of a terminal where you have a way of displaying
via slides, a cathode ray tube and a way to communicate to the'
typewriter, a traditional inclined plane experiment which you would
assign a student in physics. Where he would have to go in and make
the measurements, vary the angle of the. inclined plane, and vary the
tension on & body on the plane, take certain measurements, go back
and plot a graph. This is part of understanding certain phenomena.
You can simulate all of this on a computer, as is shown here.

If he doesn't know laboratory technique, you can ceach him
laboratory technique in one or two laboratory experiments. It is .
questionable as to whether. you want to teach everybody laboratory
technique or not. Again, that has to be left up to the educator.
The advantage here, of course, is that you can, in this particular
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instance meke many, many more measurements and having the computer
right there, probably assign & more complex problem which he might
solve on the computer. We have in one of our laboratories, literally
similated in this way a complete quantative analysis experiment in

chemistry. Very difficult to do, a very costly program to develob.
A group of chemists, collaborating with us went through every reason=-

able path that a student would go through in analyzing an unknown in
qualitative analysis in chemistry. We photographed this with color
slides, step-by step. -They put that in a machine that was designed to
show color slikes and then set up a computer program, that allowed
the students to sit down and sign in. - The first slide comes on and
he is shown a picture of a test tube on a laboratory stand. The
student starts his test, and he types into his typewriter "litmus
paper", and "litmus test", and the next slide then comes and then
shows the litmus paper sitting by the tube, and its red, He now
knows that its either acid or base. He then says, "a centrifuge,"
and types it in, and a picture comes on and it's centrifuged. He
moves right through, and if he's wrong, he'll be shown pictures Jjust
as if he were in a laboratory and doing things wrong., And in the
end, if he is wrong, he'll be told he's wrong otherwise he'll know
hets right. You find here, ability to move through many more
experiments than you normally .can when you spend most of your time
in the laboratory. The possibility of actually lower costs exists
as well as improving and expediting education. By the way, I'm not
suggesting that here today. - We have such an element done. . It shows
that it can be done, aund this particular one the University of Texas
intends to extrapolate from. They hope to develop a course around it.
They are starting on it this year.

Of problem solving, I have suggested that it is only a question
of developing it, working it into the curriculum materials and making
it part of the classroom experience. And the same thing is true of
similation. Simulation has already been proven in business schools,

‘many business schools are now using computers to simulate business

experiences. -They actually program a model business and students can
play the part. One student plays the part of the vice president of
sales, another of production, another is the president of the company
and so on. They make decisions and put them into the computer, the
computer then operates through this simulated model of a business and
comes back to them with a report on what really would have happened
in that particular business if they had teken the actions they did.
Harvard Business School uses this all the time. It is now program-
ming what we call "real time" use of the computer for a business
game. By that I mean’instead of just all of us playing .eht game here
by writing on pieces of paper and having some girl punch up what we
want to do on cards and put it into the computer, each of us has a
terminal. Joe would be Vice President in charge of research, Glenn
would be Vice President in charge of sales, Lou would be the pro-
duction manager and I might be the manufacturing manager and so on.

. As each of us starts to play with the computer and meske decisions,
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it reads back situations. Glenn's sales go up, all of a sudden a
production problem will appear on his terminal as a problem he would
esperience in normal business and he must respond with certain actions.
BEithéer Glenn or Joe may be able to solve it. You actually get a
situation where students are virtually operating in a real time en-
vironment as they will later on but at a greater rate of speed. You
can go through ten years in a business company's life, for example,

in a matter of a few hours, or a day. This has already been demon-
strated in business schools. The university of California at Irvine
how has an economics game, writtem by an economics professor there, ..
where as part of his normal course in economics, he has the students
go over and play a game on the computer terminal, where they are con-
fronted with problems of supply and éemand, as simulated, it has to
do with wheat commodities, aand they are able to practice what they
can learn and see the affects of decisions they are making in -
economics. - So we believe that simulation has the promise of exposing
students, in the very complex scociety of today, to much more complex
environments than is usually possible in an educational process.

The tutorial dialogue is the feature that has had the most publi-
city. I would say that the greatest amount of research has been put
into it by companies and by. educational institutions and by the
government. And for a good reason = it does have great promise. The
purpose of this chart is again to give those of you who may not be
acquainted with CAI an experience in.a very simple way. This is
terribly over-simplified so that you can understand what'we are
talking about in the tutorial dialogue mode of CAI. I know Lou
has gone over this morning the ability of a computer to make point
by point decisions, including what we call branching. This allows
you to vary both stimulus and appropriate response and Jjust what
capability can be built in a tutorial mode of CAI:. The student may
be prosented with some materials for review, and then move on to a
diagnostic test where the student who hasn't been on the terminal
for a week but whose records have been kept in storage is presented
with the course where he left off. He may be given a little test to
see how well be has retained what he has learned and the computer can
then, on the basis of the programming, determine whether the student
should continue on or perhaps, maybe not go on. Perhaps he should go
off the terminal and Zo back and see the teacher because he is hav-
ing serious problems. But let's presume ‘the student can go on.

On the basis of this test and on the experiences that the student
had in the past, the computer may decide that the student should take
some remedial work before he gocs on. The computer has the capability,
where it has been properly programmed, to branch the student to some
remedial work and present him with maybe some dialogue, a series of
questions, maybe & reference to a book he can go to, and then,

based on his performance, he can be carried onto the next level.

The next chart provides an example of that to show the more A
esoteric and sophisticated levels of CAI, where you actually use audio,
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prerecorded tapes that are under computer control, a cathode ray
tube that. can project numbers, letters and symbols directly from a
computer, slides that can project from a store of say one thousand,
two thousand pre-made 35mm. slides,.and ultimately perhaps movies and
a pen, called a light pen.  This 1s an electronic pen that allows you
to touch something like a cathode ray tube or a television tube.
Properly constructed and programmed, it provides a way to cummunicate
with a computer.

Now in this particular example here with a student now - he has
signed on, he has passed his test, except that the computer, based on
the way it was programmed has determined that he needs to have a
1ittle bit.more review about Roman history before he goes on. So he
hears over his earphones the following question. Can all of you see
that? Now all he needs to do with the light pen, here are the
various answers, is to pdint to the appropriate answer, and the com=
puter will know whether he has pointed to the right or wrong
answer. - Now, again for those of you who haven't seen that, I know
you'll see that next Monday or Tuesday, in Califprnia when you go to
Brentwood. I don't know if you'll be seeing other light pens around,
but there are other light pens. And if the correct answer is given,
then the computer can select from the prerecorded tape created by
the teacher or the course author, and can reinforce the student with
a cheery "correct." If he is wrong, it can tell him he's wrong and
maybe 'again meke a decision at. this: pointe "It's. the third time he's
missed a’question here, maybe we had better branch him right off the
computer and send him right back to the teacher." Or it can even
alert the teacher on her own console that this student is having dif-
ficulty. So when people get threatened with this question of teacher
replacement, we think the same thing will happen here as happened
in so many other places. It is going to allow the teacher tovwork on
Monday with Johnny because he is having tirouble, but not with Johnny
2ll week, because he is only having trouble on Monday, to work with
Mary on Wednesday because she is the one who is having trouble, or
with Jean, who is absolutely brilliant and has just gone through all
the material that the system would allow and can take on something
else. In other words, we hope that it really will, more than just
jindividualize instruction, it will really allow the teacher to
interact with the students as they need it. I really do think it
holds great promise. As many of us, I issue a lot of caveats about
this, because it's not proven yet. We haven't had enough experience,
we bave a great deal to learn. I don't think it would be a great
service to the whole effort of education if we were to start to push
this today as being fit, and proven, but on the otherhand we are
getting more and wore self confident about it. It has been almpst
ten years that research into such methods has been going on at a
serious level, which is a long time in this age to be working on
something. It does appear to hold the promise of not having to
choose between individual and group instruction. I will be the first
to say that I have yet to find anyone who can tell me how much in-
dividualized instruction is good and when it becomes bad, vis a vis
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not having sufficient group contact and so on. But I will leave that
to others who are making that their profession. But it is Vvery promis -
ing and at times does help. Let me point out that the.reason I am
bringing these several things in. I think that the classroom in 1980,
or whenever that golden day comes when they are making appropriate

use of these tools, will employ a constant intermixing of problem
solving of simulation, games tutorials, and some of these other

things, and there won't just be a particular type of CAI.

I will just go through some of these guickly because I don't see
how you can ultimately separate any of them. Information retrieval -
there are two obvious things that are worth repeating about the value
of using the computer in the educational process for greater powers of
retrieval. One is the obvious one, that knowledge is becoming so
voluminous I notice that the gentleman from Xerox is about to reduce
to & computer form some 196,000 Ph.D's doctorial thesés, which will
allow retrieval by dial, access anywhere in any educational institu-
tion of what otherwise would be impossible to obtain. - This suggests
the possibility of exposing students to a great deal more material.
Just as important by giving him more time to learn, or whatever else
he wants to do. In certain disciplines, like the law, students just
spend literally untold hours, climbing over bthose stacks. You can
eliminate that. You either give him more time to hang around with
the girls in the sorority or learn, (that's up to him). It looks like
it has tremendous powers in this regard. By the way, this again is
not something that needs to be validated educationally, as we must
do with the tutorial approach. This is just getting the information
for him, and I have not heard any dissenters on that score. The
real test here is getting this material reduced and that is a fantas-
tie job, but it is moving ahead, and learning the techniques by
which we can properly access to material, An important thing is
giving the student access to the equipment and the data bank, which
will allow him to use it in the educational process. And finally,
most importantly, is working that into the curriculum, the day to
day teaching process.

Now, another area, which again absolutely cannot be separated out
from CAI, in fact it is inherent in CAI, is testing. What you see
on this chart is something that those of us in the computer industry
would call a sales analysis. When we were back selling punch cards
to businessmen, years ago, the way we would sell it to Vvice presidents
of sales would be to tell them, look if you can record all the data
on your sales on punch cards, we have a sorting machine that can
sort the cards down and tell you what is being sold by all of your
salesmen, by each salesman, how much he is selling, how much is being
sold of each product, how much is being sold in various geographical
areas, and so on. You can analyze data in many, many different ways.
And the same thing is true in testing. Now this has already been
done in the United States and other places, both commercially, and
non commercially. It is possible to analyze a test, for example as
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to which cuestions involve concept grasping, which questions involve
problem solving, which problems really depend on knowing your home-
work, and which questions were a result of being able to read well,
and so on. If the tests are properly structured, the computer can
then very easily provide the teacher with these types of analyses.
Where tne teacher finds that a student is very high in concept
grasping but he Jjust consistently strikes out on problem solving, she
can guide him in his career and future studies much better. Simi-
larly, this is very easy to determine, by a simple computer run,

then she can change the test, and so on. The point again here is
that it is a tremendoucly powerful tool if we can really begin to
employ it. It really is an inherent part of this tutorial dialogue,
because what happens in a tutorial dialogue is the way you ultimately
.structure the program. The system if it hag been structured, if it has
Yeen structured, is really doing this. It may be branching the
Meoncept grasping student" into problems deliberately, if that is the
purpose. If you want to get the student who is obviously failing
when it comes to reading questions, perhaps feeding more reading to
him and less math, until he is doing better is indicated, and so on.
So again, there are some tremendous possibilities in the area of
testing.

This morning's New York Times is full of lots of news. They
discuss the work going on at Harvard, including a computer based
vocational guidance program. Professor Tiedemen at Harvard is also
working with us because we have a program to do this also. It is
a noncompetitive program because theirs is more recearch oriented than
ours. What we are developing is a program and a Gata bank which
will allow a student to sit down at a terminal and feed in his
own background, in terms of aéademic performance, interest, and the
like, and then query the computer about what's it like to be a lawyer.
Trom the data bank can come the information on what a lawyer does,
what a lawyer's salary is, what his lifetime earnings are, what schools
prepare for law, what the normal requirements are for this type of
profession and how it matches the particular input that the student
has already made. Fundamentally, counselling at the level I am speak-
ing of, is really a great information retrieval and matching effort.
Having been exposed to this, the student would be provided the
opportunity to go to a counselor and sit down and discuss with
probably a much better foundation of information. We are quite
optimistic about this particular one because, it really is rather
sirple. I have talked to counselors, and one of their problems, is
Just staying up to date with what is going on in the various profes-
sions and vocations and so on, staying up to date with where you get
the informetion on colleges, and who is teaching what, and what are
the entrance requirements, ete. It could frighten an awful lot of
teachers by the way, because it does suggest non-individualization
and the non- humanistic approach but it does suggest that if you
could optimize the needs of the individuel in & society like the
United States in light of the requirements for the society, you
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could probably make a significant impact on the productivity of that
society. Practically, any improvement you accomplish should be of
some assistance. One could argue that if you took the computer and
used it for just one of these various things we are talking about,
you might encounter a significant impact on the whole process.

T think vou know, the computer has been around a long time,
particularly in higher education and the administrative process.
T would like to mention just one thing, in the student scheduling
area, the University of California, at Irvine, as I mentioned
earlier, has been doing some very interesting work.

Tn the instructional process, they have over 75 course segments
now being taught to some 1600 students on terminals. There are 1600
kids out there, they are taking economics and geography and spend a
certain amount of time each day on terminals. Later on you ask these
kids how they like it, and they look at you like you're nuts. "We
1ike cars and telephones and this is how we take geography, so what
clse is new?" And this is a very new university, three years old.
But they are going great guns. They've started their students
scheduling in real time. The students come right in in the fall to
the administration building and have two or three alternative
schedules made out, they type that into the terminal, and immedi-
ately the student either gets what he wants, is reasesigned,
schedule is set, the files of the various classes updated and the
next student who comes on now is ready to be scheduled in the newly
updated system. This year, I don't think they did their whole
student body, but next year they probably will.

The thing that impresses me most, and I guess most educators
T talk to, is a fundamental lack of understanding of the learning
process. The reason it affects us 15 that we want to develop a
product. We go to people and we say: "Ts it better to have visual
or audio? Should you have inguiry’ method, or should you have lec-
tures? TIs it better to have a long period of time on a visual
terminal or not?® We just don't know enough about these things.
Tt becomes quite complex as you all know much better than I, but
the interesting thing is, and a happy thing we think, is that the
computer itself provides perhaps the best device by which to do this
kind of learning research. The Brentwood installetion that Pat
Suppes has is as much devoted to research, I don't know whether it
will ever prove to be the model for teaching. However they hope to
finish the testing in a week or two against the control class and
they are highly oriented to research. Every time a student mekes an
ancwer, they are able to time it, they are able to record a great deal
of date on whet that student is doing. Iater, it is all in the mach-
ine in usable form, so they develop another program to reduce this
data. They have developed & number of programs to sumarize this date.
They are doing as much in this area as they are in just trying to
validate CAI. They are trying to use the computer to understand
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better how these kids learn, and what stimulates them to learn and so
on. This is an outgrowth of CAI, which can close the loop and
feedback into how you had better prepare the program.

Amoung the problems that face us, as we see it, are some of these:
Understanding and acceptance is going to be a serious problem, and it
is here that I think the most caution has to be exercised by industry.
I think that most of us in business are nct used to the environment
of education. It is clearly a different environment from the business
environment. The businessman thinks in terms of profit, educators
think in terms of efficiency. They can be sold on that basis; the
teacher, if she is a good teacher, thinks in terms of an individual,
of a better person, and I think the average teacher rightfully is very
suspicious that the profit motive is incompativle with the goals of
education. And therefore I think that business stands a fair chance
¢f losing. If it does, I think that education stands a great chance
of losing. We must find a way to enter this enviromment in a sensible
way, recognizing the differences in it, not pushing these things toc
hard, validating them. I think accepting a slower acceptance rate in
the beginning, we will result in a Taster acceptance later on. The
acceptance problem isn't difficult in some places, because there are
some places that are naturally innovators, but when you come to the
average classroom, the average public school classrcom, where I think
the promise of it is so great, this is going to be a very real
problem.

Funding for the time being is going to be a very real problem
because we still haven't got the equipment in the schools. At
present we have equipment costs at a level which is reasonable but
3ti1ll out of reach for many of the things that ought to be done with
it in education. Ve have made quantum reductions in the cost per
student. If you examine a history of computing, we have made fan-
tastic reductions in the last fimtl.een years in the cost per calcula-
tion, that you will have confidence that the equipment cost will
come down. It is merely a matter of time. It ic literally exponen-
tial in the terms of caleulation: cost, in what we call cost of
performance.

I am impressed by the fact that at the end of World War II
we were pubting something like 2 or 2%% of our gross national
product into education, and now we are putting over 6% into education.
This report of the Brookings, which came out with a statement that
education has had the single most important influence on the growth
of the gross national product, some 23%. It cuggests to me that we
shouldn't be so terribly worried if the cocts come down, I think the
soclety igc going to put more in. The place that is going to be a
problem is in research and development. This must be developed
through the traditional sources in my estimation. It should not be
developed by businesses, it should not be developed by publishing
houses. Publishing houses in the past never have developed materials,
I don't know why they should start now. We had a subsidiary
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publishing house, end we found that that's not what its for. Their
part is working with the course authors, doing a brilliant job of
editing and packaging, but not of developing the materials. 5o,
it's our belief, rightly or wrongly, that you must take action to
provide education, technical assistance, and incidentally, legis=-
1ative aid to insure that the traditional course author has the
ability to continue to be a developer of these materials. Copy-
right laws must protect the course author. It no, w2 are going to
stifle progress and we are going to impoverish the guality of the
material that goes into them.

We are at the point now where we are putting some good results,
some pretty bad rasults in CAL. We have a number of joint studies
now with several universities. Some examples are, of course, Stanford,
Texas, Penn State, Florida State University. These are all univer-
sities that either have systems of their own installed or have ter-
minals. IBM has just embarked on a very extensive research program
with the State University of New York. We will be employing & very
large mumber of terminals throughout the various campuses of the
state university to actually start using CAIL on tvo courses that
they are convinced now hag great validity. We will start stimu-
lating the development of further covrse material.,

Question: "What are the courzes?"
Answer: “German and French."

A discovery we made is that the idea of a languaze being a good

CAT subject had a basis. It now looks to us like laonguages are
tremendously good subjects for CAL. State University of New York
indieates thet they are now going to attempt to use as much of this
as possible in their German next year, throaghout their department.
The French group immedistely went to another publishing firm that

has & very fine French textbook. They had take:u a German program
that took three years to develop but now you talk about the cost of
materials, in less than a term had converted to Frenech,

and are now using the French., There is hope that if you do it one
time, the next time you do it, it's a lot easizr. It looks as though
we eould take virtually any lenguage now and starc to build on it.

T mentioned the University of California at Irvine, let me just
comment quickly on a couple of others. Tlorida State University hag
had a system installed for come time now, using CAI. Another
developing giont is Penn State. They had someone publiching papers
suggesting that CAL was worse than normal teaching, co I think you can
alco believe them when they say that some of the work they have been
doing is very good. They envision a very dramatic number of terminals
on their compus within o very short time. So does the Naval Academy,
and the University of Illinois. A nuaber of these institutions are
very, very heavily committed. By the way, State University of

New York, along with the City University of New York are very
heavily committed, at very very high levels of the University, to

vie value of this and they are moving ahead.
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In closing, I would just like to comment again that the only ime-
portant problem that will really impede the pretty rapid acceptance of
CAI is the approach that business uses. How business and government
go about inbtroducing this into education.. And I'm really convinced
that if we do some intelligent things in this regard, if we set up,
a code of ethics, and we are working on it, a standard of conduct
which is different from what the average citizen is used to, if we
don't unleash some of our sales peopie, who are pretvy powerful sales-
men, things will go well. If we make some real concrete attemrt to
work with the educator, consider him more than &« customer for a long
time to come, then we can succeed. This thing holds so much promise
in my mind, that I would just like to leav: you with a thought.

If we succeed, the computer will become truly an extension of man's
mind, as the machine has become an absolute extension of his muscles.
And if we can take a wesk muscle like this, and do what we have done
with the machine, when the day comes that we can extend man's mind
in the same way, I think the effects will be fantastic. And I woilld
suggest that two things will happen when you use the computer in
education. The first is that the manufacturer and developer of both
the hardware and the software is going to have to develop & better
man-machine relationship with the students, than he ever had to for
business and science. This will meke the tool better and easier to
uge. And when the day comes that man's great intuitive, judgmental
and emotional capability can master the far greater capability than
caleulation and memory of the computer, on a real time basis, it is
going to be a tremendous day. The other thing that I think will
happen is that when you achieve this good match of men-machine and
you have a gemération of people who from kindergarten to their

Ph.D thesis are accustomed to just using a computer for wvarious
things, as a normal every day tool, you will have a generation of
people who will have a vastly greater mental ability than they have
today. To me the ultimate promise is there, and not just in the
Pield of education. If that may be a little bifi too optimistic,
forgive me, T am very convinced of the éepabilities.
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Dr., Martin is a former school superintendent. Although recently
become an Mindustry man," his thinking has been shaped by a long
carecer as an educator and scientist. His particular concern is
with motivation in the learning of basic language skills, For
the young child and the culturally disadvantaged, he focuses on
a multisensory approach to achieve student interest and effect-
uate learning. The software described herein differs radlcally
in form and philosophy from classical programmed instruction.
Further, it is part of a larger system which includes the
regular classroom teacher and auxiliary learning devices to

make an effective bridge between the conventional school and
CAT. Dr. Martin's presentation was not only a valuable addi-
tion to the Seminar in itself, it demonstrated some of the con-
troversy and the divergencies at work in this rapidly evolving
field.

Dr. John Martin

T liken the computer to a brain, and essentially a disembodied
one. T find that one of the great flaws that has crept into the
field and stayed with it for lo these 10 years, is that much of the
thinking is exemplified by the language that continues to be used,
languege that refers to the point at which the learning begine as
s terminal., So the thinking has been supplied by people who sit
inside the computer and recognize its capabilities, and looking at
the neurological cord, connect it to a booth and call that booth
o terminal, And this is psychologically at the root, I think, of
much that has not happened in computer assisted instruction, This
constitutes a gerious neglect of the interface or the beginning
point of learning. Thus the computer has fantastic capabilities,

a half dozen pieces of which we saw a few moments ago. I am also
particularly excited over potentials in problem golving learning,
and in that proposition called simulation, I am very excited about
it as an information storage and retrieval system having to do with
record keeping and behavioral analysis and diagnosis having to do
with the whole field called guidance, whether vocational, personal,
cte,

T find that when we talk about computer assisted instruction
we do focug on the learning aspect - that ic, the computer as an
instrument for teaching. To have learning occur is our goal. It
is that aspect that I want to talk about and talk about comewhat
dicparagingly with my introduction of the gemantic question of
why computer acsisted instruction on the tuborial level is rooted
in the limitations of the technology that gave it birth, rather than
in the cdueational art of learning systems which should have focused
on the nature of that terminal. People are stuck with a kind of
linearity of thinking from ingide this disembodied brain, that acti-
vates something at a point called a terminal. This impoverichment of'
+hot terminal ig rooted in that kind of thinking, and that is why
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tutorial instruction or computer assisted instruction is thz
narrow concept that it is.

I sat in on a meeting at a major electronic firm that for two
years or more had & very serious working relaticnship with a pro-
fessorial team on computer assisted instruction, At the end of a
long afternoon, in an examination of vhat it is that they were
trying to develcp, the research menager for the industrial unit
turned around to the professor and said, "When you people get
around to telling us what it is you want, we'll build it." Now
that is after three years of such intensive work. The point of
his expostulation was that they hadn't described to the {echnolo-
gical experts, the kinds of behaviors they wanted the computer to
activate. That i3 a key element in our discussion. Tho disembodied
brain that I am calling the computer must, at its terminal point,
make things move and happen that are in consonrance with even the
fragments of learning theory that we do have. And the abgence of
that kind of a disciplined analysis of the "inter-behavior", between
the terminel and & learner, absence of a disciplined analysis of
those behaviors was the single most important regression, suppression,
deterioration, non-development of instrumentation.

Let us ctasider some history., Omar Moore, with a child needing

| cosmetic surgery, activated by his own impetus for problem solving

! techniques, under took the tutorial job of teaching his child at 2

l yvears and 10 months to read. Subsequently he picked up a couple of

i other professors' children and experimented with them. Many of you
have seen that amateur film that he produced called "Barly Reading".
A manual exercise using an electric typewriter and interposing between
a child and the typewriter a human being at a cut-ofl switch and the
behaviors of the person operating a cut-off switch to an electric
typewriter manually, were the products of Moore's theory of how
learning took place, By ar historical accident I was then consultant
to the Edison Laboratories in West Orange, and we had spent some 7 =~
8 months analyzing the consequences of Skinnerian theory for possible
technological instrumentation., I may cay immodestly, one of the few
times in my Life that I came to a very significant conclusion, was
when T advised the laboratory that Skinnerian theory of learning as
a basis for the construction of a technology to exhibit materials to
be learned had serious limitations., I did not quite have the fore-
casting capacity to nse the term which subsequently came out two or
three years later, that Skinner really means a different way of
printing a book,

But at any rate, at the laboratories we had examined frame
presentation, framing techniques, withholding the responses, con-
trolling the movement of the machinery through the next frome of
presentation so the correct response was there, ete. And I computed
the kind of hard-nosed school. teaching capacity that a high school
of 500 children needed: it would occupy X number of cubic feet, and
th - warehouse needed to warehouge the alternate programs to service




61.

500 children would be in the order of twc to three times the sheer
volume of space occupied by the human beings. And if this now were
encumbered vith mechanical or electronic feed mechanisms which feed
s piece &t a time, a bit at a time, a frame at a time, that this was
a technclogical dead-~end, That was abouat 1959, which as these things
g0, is a hundredl years ago in the state of the art. I said to the
laboratory, what you need is vhat I don't nave; that is,you need some-
body sho is spending his life in a really important examination of
behaviors involved in learninz., And you nzed a greater complex of.
iearning theory than Skinner has found., I do not mean to denigrate
Skinner., I liken it to that old saw of the Hindu fable about half a
dozen blind men, each reachirg for a part of the elephant. I touch a
piece and say,"I nave found the nature of vhe elephant; it is like a

was

snekey I found it, it is like the trunk of a tree", etc.

My observations of the nature of learning theory , is that each
fragment of human behavior discovered is part of the complex, for
which we do not yet have an overarching, total theory. We have frag-
ments, Bach piece as it is discovered will produce a significant
increase in the quality and the efficiency of learning. This is
what happened with Skinner; it happened before with reward systems,
and it is now happening in the behavioral sciences - instant reward
systems, for example, and different kinds of rewards systems for
prompting behavior situaticns.

So what I am caying is that this is a prelude to a kind of
technology: that instrumentation to influence, cultivate, activate,
and interact with the learner, must be based on whatever series of
pieces of human behavior are involved in learning. Inevitably it
is shaped by them.

T found Moore at a cmall meeting, and he had about b minutes
of film elip of what he was doing. I got that £ilm from him,
turned it over to the laberatory, and they married each other.
Kobler and Moore produced the talking typewriter, and today I am
with the company - the inevitable course of the devil's hand, It
served me right you see, some seven years later. The ingtrument
that we are primarily concerped with is multisensory. We are develop-
ing others based on the same working principles, in this case meaning
behaviors of children involved and behaviors of human beings involved.
I might just simply say in over-simplification, that essentially we
have instruments, or this particular instrument, that is multisensory
in its involvement. That is, the more of a human being's senses that
are involved either in sequence or in cvordination in a behavior act,
the more effiecient the learning will be, and by efficiency I mean both
rapidity of learning and length of retention and understanding.

Secondly, if the learner ig actively involved in the proecess of
that which is "presented" by the ingtrumentation, again efficiency will
be increased. That is why, for example, the television sereen is not
a particularly efficient iastrument for teaching or for learning. Its
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sffectiveness in the mass culbture is its fantastic vedundancy, that

is, redundancy in time, Children of today spend literally as much or
more time in front of the television set as they spend in formal
learning processes in schools; so that the impact is a pounding impact,
it goes over, and over, and over, and over again. But as an instru-
ment for teaching, its limitation is that it does not bring into the
learning situation the behavior of the learner; it igs a passive device.
This passivity limits it effectiveness. So I am emphasizing multi-
sensory and multiple involvement - kinesthet, taetile, and vocal.

So what we posited ic an emphasis on the interface, this instru-
mentation mixed with the learner, by examining very rigoroucly, very
pragmatically, and critically, what happens in the child's learning.
The instrument itcelf was available in 1961 essentially ac 1t is now.
For the first 5 years they very judiciously and carefully permitted
single instruments, at most two instruments at a time, into a variety
of situations to test the limitations and the parameters of its
operation, I undertook the first public school research effort within
the field at that time in Freeport, Long Island. We are now moved
into largescale operational use, and I will begin talking to you in
a minute on how we designed what we think is a comprehensive system
for its employment. ~

Tn the course of these examinations of smallseale use, the dex-
terity of the instrument became in effect a problem. It does not
require a WORTRAN or COBAL program, the machinc can be commanded, or
programmed in the English language. Because of this tremendcus ease
of commanding it - and I'm using the word command instead of the
sbandard word programming since commanding igs & process of describing
and requiring the multiple machine behaviors, That is, it talks, it
shows pictures, it chows drawings. What I'm saying i that commanding
the instrument, programming it, in effect, requires not cven the
teacher, A layman that can be made technically competent to command
the machine to talk, say this, show a picture, moke the typewriter
operate, have these regponses vocalized, give audlo-channel regponge,
proceed in an orchestration of these various medias or to use what I
would call an activation of the learner's different sengec. Because
the machine was so programmgble, the need for standardization of pro-
gromming - and I'm using that word cautiously - did not beeome apparent
until the ingtruments were placed in largescale installations, as they
are now operating in Chicago and in Brooklyn., What happened was a flow
of chxtdren or adults, depending on the time of day, in a sequence of
about three an hour. With 20 minutes in an installation, you can read-
ily see the simple logisticsc involveds €0 people in an hour, and another
60 in another hour, then another 60. The concept of individualization
of programming begins to break down when you envigege that every one of
500 pecple in daily atbendance on instrumented ingbruetion chall rceeive
o eugtom-tailored program based on his previous expericnce with the
instrument,

We have a tendency in education to see the generalization as a
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universal truth universally applicable to all people at all times,
having derived it from a careful statistical study that said that

this generalization is a good one because it is slightly more true
than it is false. But education makes a perpetual quantum leap.

We say all children are different, and all children are the same.

We say that programming needs to be individualized, and programming
needs to be standardized. We walk a kind of a see-saw alternation

of ridiculous extremisms in both cases. So what I take as base is
standardization of program design based on population type and age
groups. This then permits custom~tailoring for the children for whom,
as they go through this program, there is in effect a hang-up, a fall-
out, a resistance, a noneffectiveness of teaching. What we are
finding is that in a given 100 for example, there might be 7 or 1h

or 11 for whom the linear program is not optimally suited. The fact
that the instrument lends itself to rapid customized program variance
from an essential core of programmatic material, is an asset that
straight linear programming, even computer stored and based with
branches, etc., can't begin to approach.

9o we have been in the process of developing, and have recent-
1y completed what is to my knowledge the first pre-school through
first grade reading program which is fed through an instrument that
calls for multisensory adaptation to a multi-media presentation.

We are getting some very extraordinary results in the slum situation
in New York as a consequence.

Tncidentally, on the question of copyrights, we've moved
corperately without firm long-term policy and with a recognition that
we have to produce the software. I am not talking compatibility;
obviously nothing is compatible with our particular instrument. The
commands and language used are not transferrable to a computer, at
least not by a simple adaptation. Adaptation is possible., What I
am talking about is that the programmatic state of the art is fairly
miserable. Essentially it is based on Skinner. Most often it is
a straight question and answer technique. This happens because the
technology insists that the material be presented at bit at a time;
that 95% or better instantaneous learning take place; that the error
margin be in the order of less than 5% before the machine will pro-
ceed to the next proposition., This all exists almost exclusively
in a printed mode - whether or not the print-out is on & CRT or a
piece of paper is of no consequence as far as we know in terms of
the impact on the learner. He is looking at symbol language, whether
the symbol language appears on a piece of paper, or a cathode ray
tube. No one has bothered to step aside and ask if there is any-
thing intrinsically important to that presentation mode, whether it
be on paper or CRT. I think the answer is that the CRT exists simply
because a teletype print-out of a paper 1is a little bit more cumber-
some perhaps than the greater dexterity of the CRT for future pro-
gramming uses. This is not true currently in the state of the art
of using the CRT. 'With a CRT you can eventually produce a picture or
line drawings, you can't do that in a teletype print-out by the com-




6k,

puter activating the typewriter to produce line drawings or pictures.
Currently, however, what is being put on cathode ray tubes is essenti-
ally the same material that gces on paper. And that is extraneous

to the question of what happens to the learner. No one knows that
answer, '

The state of the art of instructional programs has not yet
included the orchestration of audio, visual, pictorial, graphic,
and print-out in symbol language (presumably at this point you
are talking about the English language, or the language of mathematics).
As a consequence the material, the software, as it currently is being
exhibited, (and this may not be true for some of the installations
that you will see, I'm only talking for my current level of knowledge)
is a very emasculated, very poor piece of pedagogy, essentially
cathechismal in design. It is essentially a bit by bit presentation
with emasculated pictorial material and essentially without really
organically examining when doe the computer talk, when does it print,
when does it show a picture, and when does it provide for an inter-
action by the learner as an intercession in the several media.

The instrument we have forces a break in that mold of simple
linear bit by bit presentation. For you have here in front of you
a multiple instrument, capable of meking music. It is as if you
made an analogy of a typical program to a music score, and gave that
to a conductor to use, and found that with a 100 pieces sitting in
front of him ~ a string choir, and woodwinds, and percussion, and
so on - the score only called for music to come from some 6 or 7 of
the instruments while the rest of the orchestra remained quiet., In
our case the apparent silences of the non-use of the instrument's
capabilities is so instantaneously apparent as to compel a broader
look at the pedagogy of the program. By pedagogy I mean the behavior
of the instrument now in effect simulating a teacher. The failure
to see the terminal ag an active teacher intervening and interacting
with a learner has emasculated the concept of how these instruments
should behave., So that if we began using the term to free ourselves
of both the Skinnerian history, not hostilely, but simply to get a
broader view of the learning act, if we begin talking about making
instruments behave, then programming, it seems to me,would 1lift
itself to a higher level or art, We could overcome inadequacies of
CAI :in two fields: technology where new kinds of instruments at
terminals would be demanded instead of the primitive ones that
currently exist; and in software, we would have a sophistication
of multiple behavior-requiring presenters, or multi-media, or to use
the language I prefer, the multisensory involvement of the learner.
The exploitation of technology to get this kind of interaction would
move much more rapidly than it has in the past five years.

| With this talking typewriter, which is our major product currently,
we have evolved a working system to supplement the current educational
process. We are pushing vigorously for & concept of the learning
center gs an auxilliary to the existing constellation of schools in a
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particular geographic setting, essentially in the large cities where
there are many schools physically close to each other. We are asking
school districts to think of these learning centers as physically
independent of the normal educational plan. There are pragmatic
reasons for this: typically school plants are overloaded now to the
point where physical space restrictions are horrible; the other reason
is that we do not want our process frozen into a pattern where the
institutional behaviors already existent in a particular school situa~
tion can emasculate its progress. We decided to use space over &
shopping center food store, something less than 10,000 square feet on
the second floor of by-pass neighborhood areas - the chiropractor's
office type of second class office space. Secondly, we wanted involve-
ment. The old pattern of the PTA, and such other relationships as the
city population to its schools are broken down and inoperative in most
cases. I can say from a good many years of experience that this
Pollyanna charade of parental involvement is an extremely ineffective
waste of time.

Yet American educetion has rested its pedagogy very heavily,
despite volumes of rhetoric to the contrary about motivating children,
on parental anxiety that a child learn. And the public schools which
succeeded in teaching children best whose parents wanted them to learn
the most, and has historically failed most miserably with those levels
of the population where parents are indifferent, ingorant, or hostile.
The most noteworthy examples of that, of course, are the Indian and
Negro populations. Our previous jmmigrant groups had a history of
tremendous anxiety about and emphasis upon education. Those immigrant
groups in large part sent children to school determined to learn as
o, manner of economic escalation. Despite language handiceps, etc.,
the schools did magnificently for such children, backing the schools
was the parental motivation. Any system of learning that ignores
parental involvement assumes a weight of consequences in terms of
what will happen in the institution that has to carry the load of
getting the children involved in learning. What we are describing
here is an institution operated by the standard Board of Education,
or the welfare agencies, or poverty agencies but providing a new form
of parental involvement. We have an advisory board of parents for
the centers. Another aspect, but an important one, is that histori-
cally technology has made its way as a saving in relation to high
labor costs. With our instruments, our supervisory personnel or the
child in the machine learning situation are layman trained by us.
Their backup supervigion is done by a teacher with experience., The
ratio is in the order of two such professionals for each ten layman
in supervision of twenty children in the act of learning. The
layman's wage rate runs $2.00/hour generally. There are new jobs
for the laymen. We have a beautiful semantic term for them -
educational technicians. The common place language today is para-
professionals, etc. '

This is a community and parental involvement, fortified by the
using of a class of labor with lower cost than previously. The
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shoemaker who used to be a bootmaker and made the whole shoe is now a
cutting machine operator who stamps one piece of leather in the com-
plex of putting together the shoe. The impetus for capital invest-
ment in any productive enterprise has always been an increase in
productivity and diminution in cost per unit output with a change
from the high priced specialist into the lower cost generalist,

or the production line person. Failure to recognize this as part

of a systems analysis of the learning process is to go in the face of
the historical role of technology. We had arrived there empirically
but I am now giving you a theoretical explication for it.

The construction of the software we are currently invelved in
by agreement with publishers is what I call a kind of software
plggyback ride., We have taken the Bank Street Readers of the
MacMillan Co, which is the officially adopted text for the city of
New York. It's better than a standard textbook series in reading,
it's ecletic, which is a way of saying that it's not overwhelmingly
"look", "say", or phonic. It is a fairly judicious and well-thoughh
through mix of these processes., To my knowledge no one is beginning
reading on a computer. We not only are doing this, but we are doing
it more successfully than can be done in a regular school situation
with the full range of the kinds of children that come to the schools,
from retardates to the very bright, from the culturally disadvantaged
to the middle~class income child - if that means advantage.

But in doing this we discovered a phenomenon, an old one to
school teachers, but I will say it outloud because it's been ignored
by ithe software people in the field and in the field of technology in
particular. A reading series consists of a series of volumes that are
placed in the hands of children from the softback pre-primer or so-
called readiness materizls, the primer, the first grade reader, to
the second grade reader, etc, This is supplemented by another book
which reminds me of my coliege professor's description of French
grammar. If all the rules in French grammer were put in one book,
the book would be that thinj il the exceptions.were put into 2 rru-
arate volume, that volume would be that thick. Typically in a reading
series, the teacher's manual is the same magnitude greater than the
material in the hands of the child as exceptions are to the rules
of French., In the manual are the author's prescriptions, or if you
will scenarios, for the teacher to bring alive the reading text
material in a learning situation. And having been long-term associated
with publishers and authors and people in the field of reading, I can
say to you that the universal bane of every supervisor of reading in
public schools, or of publishers and their authors, etc., is expressed
the universal cry, that if teachers would but slavishly follow the
manual, literally line by line, the quality of instruction in the
classrooms would escalate on the order of 4 or 5 times. In our manuals
is imbedded what we would call the reading skills distinet from the
surface reading material, or stories of the text. £o we are now com-
pleting two parallel linear reading programs. In ore we have pro-
grammed the pictorial, the verbal, and the written material, plus the
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audio relationship with the child, with a careful planned inter-
cession by the youngster in his operation of the typewriter in
response. For instance, if a particular lesson - a picture story -
has as one of its raison d'etres that beginning consonants are to
be taught, descriptions of the behavior of the teacher to elicit
the exercises, to have the children hecar the symbol sound of the
hard ¢ and the k and the g, etc., are programmed in parallel
fashion. The children move in a kind of an interlock between the
high~interest, high-content material into what would be called in
duller terms the drill exercise of the actual skills of the acquisi-
tion of the reading process.

Our corporate position is that we will release no additional
instrumentation for learning without simultaneous capability in
software., We will not sell one without the other, although all our
instrumentation provides a high degree of flexibility for self-
programming by the customer. So we encorage self programming, but
we insist that as a hard base - and this has nothing to do with
commercial aspects because software is probably a costly give-away
at this stage of the operation - we insist simply that there is no
reason why the next 10 years should repeat the high crime and mis-
demeanors of sad software in happy hardware, which is where we are
largely in the industry today, despite ads and other presentations
to the contrary.

For the movement of children and adults to these centers we
have evolved, we recommend strenuously that classroom teachers
bring an entire class; that the teacher come along; that these
centers contain auxilisry classroom space. In the auxilliary class-
room space we have a high concentrate of the other standard audio-
visual materials, that is, telephones, tape recorders, the 8-mm pro-
jectors. We involve the teacher in the process. During their hour
at the center, the children go to a booth for a maximum of 20 minutes.
They return with the tear-off sheet off the endless roll from the
typewriter. In other words, the child comes back with a physical
record of what he has done. . carbon left behind becomes a part of
the permanent record kept on each youngster, plus the booth atten-
dant's behavioral observations of the youngster - in short, tele-~
granhic simple language. This compels the teacher to a recognition
of wkere that youngster is today. A simple visual review indicates
where difficulties, repetitions, ete., take place. You might say
of the instrument by the way, if the program is so set as they
almost always are, that it does not permit the child to consummate
an error, That is, he can attempt to depress a key misspelling a word,
or irrational to the word entirely, but the instrument does not permit
the consummation of the key pressing. The machine can also be put into
a free typing situation, but our programs do not allow this at present.
In addition the teachers are encourages to leave the classroom inter-
mittently to observe particular children in the booths. One-way glass
makes that possible, plus earphones for audio overhearing. The
teacher is supplemented by the center's own aides, the laymen who make
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possible small group and tutorial supplemental instruction. Using
the basic reading series of the system; involving the classroom
teacher in the program; giving the teacher an instant daily print-
out of the youngster's progress; providing a climate independent

of the regular classroom, which makes deviations from institutional
behaviors possible and in fact encourages and almost mandates this;
a1l make the center a very effective in-service training place for
the teacher. So while the system supplements and complements the
regular main curricular flow and intent of the school in its lan~
guage arts development, the center in effect charges a price by
becoming a change agent in upgrading individualization of that
instruction. So we have the happy circumstance where the teacher

is exploiting the instrument as a supplement to her own effectiveness.
And you can see that «ll the spinning jenny anxieties about techno-
logical unemployment are reduced, and we have had no response of that
sort to the participating staff.

If you want data, which is generally difficult to obtain in
thig field, I will give you some. I ran the initial experiments with
public school children and kindergarten children from Freeport, now
some three years plus ago, and published a report called "The Free-
port Report". We exposed 22 children in the experimental group
against 22 in the controls, and wound up h% months later with 22
transfers. The selected population ranged from 4 in the mental
retardate group (53 to 72 IQ) through packages of 3 and L over the
range of IQ's up to 140. We did what to my mind needs to be done
in every educational experiment, and I scarcely can remember another
time when it has been done. To obviate the Hawthorne effect, the
teachers in the classes from which the children were to be withdrawn
for the talking typewriter instruction, were encouraged and trained
in beginning reading starting a year and a half before. They had
10 to 12 years teaching experience, superior teachers by everybody's
standards. They operated in classrooms superlatively equipped in
terms of materials, etc., and they were given a John Henry exercise
in that they were told to see if they could beat the machine. So
the control children were not, as in ordinary educational experiments,
given a placebo of nothing and then 5 months later the experimental
group, always to everyone's happy surprise, inevitably turns out
having accomplished more. In this case the control group was given
their head. An attempt was made, without supplemental instruction
of any kind, to see whether or not technology could teach as well
as the best teachers in the business.

Statistical results were reviewed from the raw data by an
independent - I sound like one of those commercials - statistical
outfit. There was a large stotistically significant difference in
favor of the machines., I would have been gsatisfied if there had
been a large statistical difference in favor of the children in the
regular classrooms provided from the interest of the experiment,
that there had been any great growth or change at all as a result
of technological education. In this case the machine did better
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than the best the teachers could do. The results we are getting
in the field now are all subjective observations, but they are
mea,surable, The group of high school youngsters were picked by
the high school principal in the area. If you know anything about
education and high school principals, you know what he would pick
when asked to mick non~readers. The attendance records prior to
their inclusior. in this learning project indicated truancy on the
order of 50 to 80%, and their attendance has been turned around.

The district superintendent reveals the neighborhood history
that scarcely 25% of the first graders in the several schools in
the area finish first grade material in June, The current operating
picture is that better than 80% of the children involved in those
same first grades will do remarkably well at completing first grade
material this year.

So we think we have a system, We think we have a process. We
think we have also, temporarily at least, cut the umbilical cord
between the brain over here and the oubtput devices over there.

Dr. Lewis: "Is there any computer involved in your operation
at the moment?"

Answer: ''The instrument itself is analog based.,"

Dr. Wilson: "When you talk about multi-media, and the use of
differen® times in the learning process, how do you know when
to do vhat?"

Answery '"Our programmers, as experienced teachers, take a
body of material and the manual that prescribes teacher be-
havior, then postulate the sequences of behaviors they would
use in the tutorial position with a child. They write those
down ag behavior commends to substitute the ingtrument for
themselves, That is, they note when they would show a pic-
ture, when they would say something, when they would have the
child write. This becomes the sequence commanding the behavior
of the instrument., It is encoded, put into the instrument, and
tested against a group of children, Then obgervations provide
the annotations for a rewrite, I set the limit of one such
rewr?te, and that is it. We polish after a total, longscale
run,"”
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Software in the sense of the instructional program is at once the
cruciagl focal point and most pervlexing research area of CAIL. Mr.
Rogers, from the vantage point of a company where computers are
not produced but training programs are, offers a lively and pene-
trating presentation of practical problems involved in instruct-
ional systems, as well as description of some of the wider educa~-
tional potential of the computer for information retrieval. He
deals with the compelling problems of copyright, funding of edu-
cational technology and programming theory. Dr. Rogers describes
several effective training applications of existing computer
systems., His forthright approach shows concern on the part of
the industry for divergent learning patterns, and a sharp aware-
necs of the need for continuing research.

Mr. James Rogers

I'd like to direct your attention to a list of areas in which the
computer has been used in one way or another with instruction, forgetting
for a moment class scheduling, accounting, etc.

We now have a service called DATREX, z doctoral dissertation in-
formation storage and retrieval service, which is now available and works
along roughly the following lines: The University Microfilms, which is
one of the component parts of the Xerox Education Division, has as its
data base approximately 126,000 doctoral dissertations representing the
majority of those written in the United States and Canada since gbout
1938. You can obtain from University Microfilms a cue-word catalog in
any one, or all, of four broad discipline areas, and then by filling out
what we hope is a pretty simple order form, you can list either inclu-
sion or exclusion of various key words; you may want everything in metal-
lurgy but nothing on heat testing, and yoa can speeify that. You may
list, if you like, specific universities, specific authors, or years if
you know that the discertation you are looking for was done some time
after 194T: You can specify nothing before 1947. When you mail the
form to University Microfilms it is key punched and goes into a com=
puterized informotion storage and retrieval system which prints out a
listing of all of the disscertations whose titles contain the key words
cpecif'ied. The listing tells you the title, author, university, year,
and it gives you the page numbers from dissertation gbstracts so that
you can then go and find the abstract of the dissertation if you want to
further for more detalled information. It also gives you the order
numbers and prices for a mierofilm copy if you would like to obtain the
dissertation, or a Xerox copy if you would like to retain it. Thic ic
admittedly one cmall ctep in the whole area of information storage and
retrieval. Now clearly it would be convenlent to expand this data base,
and to put in extencions so that not only doeteral dissertations, but
other material eould be ineluded.

There are many problems in doing this. First, there are institut-
ions throughout the country already doing this in the physical seiences
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especially, and in medicine. How to coordinate with them is not clear.
University Microfilms, of course, has the right to the reproduction of
the doctoral dissertations, but another problem is that you don't have
the rights to material that you want to put into an information storage
and retrieval system, you have to get them in some way or another. Now
T am not sure if we want to discuss any further the problem of the copy-
right issue, but let me just point this out, not only for information
storage and retrieval but also for computer based instruction: if the
recommendations of the committee which has been studying this go through
the Congress and the law passes in its present form, it will be consid-
ered a violation of the copyright simply to translate any copyrighted
meterial into machine usable form. Whether or not anyone ever uses it,
or retrieves it, or looks at it, or does anything with it after, seems
4o be unimportant. You will have violated the copyright by putting
material into a computer.

The problems for the researcher in computer based instruction might
become enormous. Suppose you have some curriculum areas that you would
1ike to consider, and there are bits and pieces of reading things, or
mathematics programe that you would like to look at. If you have 17
different sources of material that you would like to experiment with,
you must negotiate with 17 different individuals or institutions before
you can even encode the material to put into the computer for research
purposes. These are some things that we must keep in mind when we talk
about the kinds of materials that might wind up in o computer based in-
structional system. It almost looks as 1f one is forced to develop one's
own materials, and what kinds of things can be worked out between curri-
culum development people and the owners of the copyright have yet to be
ceen. There are promising first steps along these lines. At the Stony-
brook computer assisted instruction ingtallation whech the State Univer-
sity of New York and IBM have been developing together, several different
publishers have been involved. The French and Germaa language programs
there sre really adaptations of books, and in all cases IBM, the State
University, and the publisher have worked closely together and very co-
operatively to put this material into the computer. Let me gay one more
thing about information storage and retrieval, and then I want to go to
come of the other icsues. While you are out at System Development
Corporation, you will be able to look at a computer based informstion
storage ond retrieval pilot project I believe represents one of the most
ndvanced of thece schemes. It is called BOLD, which is the acronym for
Bibliographic On-Line Display. Thedlr data base is some 2000 abstracts
of items from the Defense Documentation Center, papers in the fields of
serogpace, becknology, weapons, etc. These are stored in an extremely
large compubing complex which serves SDC, and there are various kinds of’
modes. You caa walk up to a cathode ray tube and to the teletypewriter
keyboard that goes along with 1t and browge through what they have; you
can ack specific questions like, "Do you have anything on these items?"
and it will tell you what it has and print the numbers. A very effective
dialogue can be worked up between the receorcher and the file in a fast
outomgted way. Tf you do have the time while you are at SDC, try to
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take 15 minutes and have them show you the Bibliographic On-Line Dis-
play because it's an intriguing system.

The mainstay of the Xerox Education Division is contracting with
industry and government agencies for the design and production of
specific training materials, or training systems. If we can be des-
cribed as having a multimedia approach, it is because the behavioral
objectives of much of the material that we have produced comes in many
different areas and so we do not care whether we use computers, tapes,
or visual materials, etc. What kinds of media we use is determined by
the behavioral analysis of what it is that can be done.

Another component of the Education Division is American Educational
Publishers, whom you may not know under that name, but who might be iden-
tified as the outfit that puts out My Weekly Reader, and Current Events,
and those periodicals which gc into public school systems. The latest
scquisition is Professional Library Services in Santa Ana, California.
Their interest is in the design and everything else right down to the
putting of labels on the spines of the book, and in setting up libraries,
ineiuding public, professional and other kinds of libraries. They act
as a jobber with printers. You could say to them that there will be a
school in operation in 1970, and after consulting with you on what is
needed, they can design the whole library, have it brought in, and have
the books on the shelves with the cards in the catalogue, and everything
ready to go when the school 1s ready. They can include some computer-
ized arrangements. =

One of the topics that has come up again and again in these last few
days has been the problem of who authors curriculum materials for compu-
ter assisted instructional systems. Another way of asking this question
i5, "What are these materials like", and there is a feeling that they are
something like programmed instruction. In many cases, in fact, program-
med instruetional materials with very little modification can be put in-
to a computer. It is clear that the problems of stimulus presentation,
response on the part of the student, the evaluation of that response re-
lates in some way to what has been done in the field of programmed in-
struction. In fact, when you visit Brentwood, if you get one of the
brochures that they hand out there, there's a rother categorical state-
ment that computer assisted instruction is programmed instruction, I
am not cure of the validity of that statement. I am less sure when I
Took at Brentwood because I do not think very much of the applications
on the computer are based at all on work in programmed instruction.

One of the activities of the Xerox Education Divigion I mentloned
was producing training materials, and for the past olx years they have
been involved in this and have produced thousands of hours of programmed
moterial and have o picture of the whole area required to produce these
kinds of materisls. For the development of an instructional program,
here is what we have found are required in terms of staff member catew
gories, but more importent perhaps, what each of these categories of
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people do in their contribution to the program development. Let me
just run down them.

For one program we need a subject matter man who knows the content
of the material that is to be presented. A behavioral analyst then
works with him in order to program the instruction. A programmer must
come in to put the results in machine-acceptable form. Test subjects
have to be used for evaluation of this work under a program editor
who can change the instruction as indicated. You might want actors to
imitate various kinds of voices for audio-precentation, and then, if
you are going to get the group working together in a meaningful way,
you might want to have someone who is skilled in scheduling and co-
ordinating the work, a project administrator or manager. Now, in six
years we have never found anybody who embodies all of these skills or
who can perform all of those functions, and yet we hear of programs
being published with one author. I think the point has been made
before, and I won't belabor it. I think there would be serious priority
questions that could be asked about the quality of instructional mate=-
rial in which one man tried to do all of those different kinds of
things. Now, we carried out some studies on the time it took to produce
programmed instruction material and we came up with a kind of a rule of
thumb, that in order to produce one student hour of material like this,
it requires gbout 100 man hours of work on the part of people in the
main categories, which does not include the other people who may be
involved. Lou Bright this morning gave us a figure of somewhere between
100 and 200 man hours to produce an hour of instruction. If we in-
clude the other people involved why our estimate there of 100 hours
might be even larger., Bill Kilroy, the director of marketing for the
RCA instructionsl systems group, which is organized in Palo Alto, and
is working closely with some of the Stanford people, indicates that even
when they are talking about drill and practice routines, their experience
hac been that it requires around 14 to 16 hours on the vart of the author
to produce about b or 5 minutes of the drill and practice routine. Now,
let us just ask what the implicahions of this are. Suppose you walk in~-
+6 o school system and you want the teachers to produce this kind of
mgberial, who is going to free them up for 100 hours to produce an hour
of instructional material? And where are they going to get the training
in some of those skills - because I don't think anyone here would main-
tain thet teachers are skilled in these areas.

This is a serious problem; is it falr to demand that the school
systems do it? Now some teachers, curriculum advisors and others, are
being used, but only under special circumstances. At the Brentwood
ingtallation, for instence, I think there are many more professionals -
that is graduste ctudents - coming in from Stanford, who work very
elosely with the teachers. I am not sure how much of the material is
generated by teachers, but it is a very special set-up. What would
happen if you walked into the normal school system and attempted to in-
jeet this kind of manpower demand for the production of these programs?
T do not have an snswer here, I am simply raising an issue. We can
point to requirements and we can point to skill areas, and ask meaning-
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ful questions about where people will get these skills.

Perhaps work should start immedistely on the design of instruction=-
51l materials in these skill areas, either by teachers or by others in the
school system, but even if that were done, even if these people had the
troining, the question is how they are going to get the time off.,

The task of using the computer itself - and here we were talking
simply sbout the design of the material - is perhaps not that much
more complicated; that is, learning the language of the particular
machine that you might be working with, is not that difficult., The
difficulties come not in learning it, but in trying to usce it to its
full capacity so you are not missing any potential, but also there are
problems of operating within the limitations of the language that you
are using. The progranming languages that have heen set up so far have
been criticized by others, and I need not repeat those criticisms here.
They do restrict the instructional process in some wayc, making many
problems with thelr actual use.

The real problem is whabt is going to happer in this whole area:
who is going to write the materials, where the skills are going to
come from, and who is going to train the people that actually do it.
The Philco-Ford Corpocation consultants hired by the Philadelphia
school district, as part of their job, trained the teachers in the
Philadelphia school system to write programs, and instructed them
sbout scme of the areas of behavioral design which are important to
getting such programs written. But if the school district which is
already dealing with a computer menufacturer has to negotiate with
another ageney now to train the teccher, it seems that some more adapt=-
able system could be used.

Let me go to ancther completely different srea. Xerox Corporation
does not manufacture computers; and we are not selling computer sysiems.
We do manufacture hardware which goes with computers, which operates with
them. There is one which i interesting that 1 would like to talk about.
The device is simply called o computer adapter. It is nothing more or
less than a Xerox machine hooked up to a computer in such a way that 1t
can take an 8% % 11 piece of paper, put it down on the Xerox machine,
and push the button, and instead of it printing and sending out, what-
ever ig on ‘that piece of paper is stored inclde the machine., At any
later time, then, you can call for that plece of paper with exactly,
what it had on it. Now let me immediately quallfy what I have said.
This is not optical scanning in the cense that an optleal secanner or a
magnetic and character recognition scamner looks at your check, or your
wtility bill, and stores that information in the computer itscelf.. ALl
that we're doing - it's a very primitive kind of approach - is gimply
to tranclete the light and dark areas ocn an 8% % 11 piece of paper into
O's and 1's and store them into the storage area of the cemputer. There
might be a lot of white cpace, & 10t of areasc stored, and so there are
ways of compressing this so thot you don't use a million bits in memory
| to store one piece of paper; the zeros, the white areas, are compressed
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by simply counting the number of zeros and storing the number, which
indicates how many zeros there are SO that when it is reproduced it is
511l filled out. There is one further thing that can be done. Alpha-
aumeric informstion is stored in the memory of the computer in the usual
charscter form of an 8 x 8 bit frame, and 1if you care to store within
the computer a dictionary of light and dark areas in terms of O's and
I's, you can in effect print out anything within the computer on this
Xerox copy arrangement.

Now you would never do this for mass printing - no payroll checks,
no utility bills, no big volume will ever be produced this way. However,
if a student is looking at a cathode ray tube, and there is information
on there which of course has come from inside the computer storage that
he wants to keep, perhaps it might be valugble to have a button so that
he could push the button and whatever is displayed on the surface of
the tube comes out in hard copy. Suppose we use this device in s com-
puter assisted instruction environment. What it would allow the in-
structor to do, for instance, without having to keypunch anything or
code anything at all, is to draw a graph, meke a map, a chart, or get
s table of values for use in a problem, and take them and store these,
and simply put them down and push the button on the Xerox machine to
meke them go into the computer. And then, if the computer assisted
instruction langusge for that computer is modified to allow it, at any
point in the course you can call for a particular piece of paper coming
out. '

There sre cheaper ways of doing this, by pre-printing the inform-
ation and storing it on a shelf, or by handing it to the student in a
book. T am not suggesting that this is the most economical way for
these particular examples, but there is one thing that you perhaps can-
not print out and pre-store on a shelf for a student in a situation like
this: a reading assignment, or a homework exercise, or some such mate-
rial whkich is based upon his progress through the course up to that
point. Assuming the students would be going through this material at
their own rates and if a student has, let us say, 20 minutes given to
him on a machine, at the end of that 20 minutes the assignment which
is appropriate for him will be different. If it can be assembled in the
memory of the computer on the basis of his performance up to this point,
it can then be printed out for him so that he has something to take
away with him. What the psychological difference to the student would
be, if at any time he could push a button and get anything out that he
feels is important which is being displayed to him, I do not know,
but I think educators would like this idea. They might think that the
student would feel as if he were more in contact with things if he
could have hard ccpy print-outs. The device is brand new. It is a
very primitive one. and so far our efforts are in the prototype area.
But it is a device which might be useful in the computer assisted
instructional setting.

In tunning through a whole series of random topics here, let me
approach a question which came up yesterday, and which is underlying
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a1l of the discussions thet we've had so far, and that is the question
of funding. Where is the money going to come from for all of the re-
search that is needed, for the hardware, for all the people that are
going to be involved, etc. Let me say first, I do not have the answer
for you. But I want to show you a system here that is related, on
slides. At first this will not look like it has anything to do with
funding, but let me go into it a little bit, and I think we can see.

Back in 1961, before many people had heard about computer assisted
instruction, and before even many other people had heard about programmed
instruction, United Airlines installed a system with headquarters and a
main computer in Denver, which consisted of 900 agent sets, scattered in
United Airlines ticket offices all over the country in about 150 differ-
ent cities. These were all connected in to the main computer and the
purpose, of course, was to try to make some sense out of the mess of
reservation data. They can key all of this into a little device which
fits an agent set and the information goes right into a two billion
character storage of the machine. It looks up to see how many seats
are available, what class those seats are, and then if you say you do
want those seats, the agent presses other buttons, and those numbers
are subtracted from the store. It is a straightforward application in
the computer area. This was installed and working very well, when the
problem arose of how to train the 3,000 agents located in 150 cities to
use this agent set. The agent set itself, as we will see on the next
slide, is a fairly complicated piece of equipment. It looks like a big
desk calculator with a punch card input tray at one side. The proced=
ures, including the kinds of questions that you must ask the customer,
are fairly complicated. A very straightforward, but extremely in-
genious approach was taken. They allowed the agent set in the office
to be used in a training mode. With certain information keyed into the
computer, it took you into a training program which was stored in the
program part of the computer, and that training program took the simu--
lated data which you were working with and checked it with some simu-
lated training data that was set up. You can imagine, I'm sure, the
anxieties of the computer programmers who interlocked this system so
that the training data did not get into the actual reservations data -
chaos would have occurred. So some very serious attention had to be
given these interlock features. But once this program was set up, it
was then possible to train the agents using this device. Here we have
a photograph of one of the agent trainees. She is learning to push the
buttons. The card which is in the machine has gotten her into the pro-
gram section and she is using the materisls which the customer will pro-
duce for her, such as an Air Travel Card, and the kinds of requests
that the person will make. Actually, the whole control of this process

is not stored into the computer. The control is stored in a program

text which the agent goes through, and the computer here is being used
perhaps more as a simulator than as an actual control of the instruct-
jonal process. But the reason I wanted you to see this is because of
the economic implications. Notice that that enormous system was put
in for some other purpose, and then it was used for training purposes.
We're going to see this in industry more and more. Any industry, such
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as the hotel industry, where there is a communications network with
some kinds of communicatbions devices, and a central computer can use
that computer in the training mode, even in this primitive way, and with
perhaps a little more sophisticated approach with what we would call
sctual tutorial information. The 1imitations here are the devices which
the people work with. There are not student consoles at every United
Airline ticket counter, and they were severely limited. The machines
could not say, "Your last answer was wrong, why don't you try again".
The student had to compare the answer which came up with what was in
the programmed text on the side, and so the device itself is going to
1imit this approach.

What we see happening here today ab the Irvine Campus of the Uni-
versity of California, for instance, and in other educational institu-
tions, is terminals being put in for non-instructional reasons. The
Committee which reported recently to the President on higher education
and the use of computers in higher education, suggested that the Feder=-
51 CGovernment invest something 1ike 40O million dollars in the instal-
1ation of time-sharing computer systems at the university level. Now,
they were not thinking gbout computer assisted instruction when they
said this. They were only talking about the computetion, problem~solv-
ing, simulation areas, but clearly, once these devices are installed and
paid for, then the use of them for CAI becomes more possible. I do not
say that the Federal Government is going to invest this kind of money.
But one answer to the funding problem might be where to look for already
existing time-sharing computer systems. Then you can tack on CAT as an
application. All of the major airlines, a lot of the major hotel net-
works, and other businesses, are going into this kind of training, al-
though the system was never installed for training to begin with. The
instructional use is simply overlaid later. It's something to watch in
the educational setting.

Another area that I would like to touch on is one which has come
up again and again in our discussions yesterday, and today concerns re-
search and the problem of testing, which is perhaps nothing more than
s research problem, I would 1ike to refer again to the Brentwood bro-
chure which, if they are still using it, tells you that CAT is PI. 1If
you compare thils with the published results of such things as student
errors, as well asthe response time required to answer questions, etc.,
you find that very 1ittle of what would normally be called programmed
instruction has either been spplied or tried at what I regard as our most
advanced computer assisted instruction installation. I do not think
drill and practice is a very fruitful research area, at least in looking
ot the results that have come out. After all, the students spend 45
minutes in the classroom listening to +the teacher asking questions, going
to the blackboard, doing things there. Five minutes of each studeat's
time is spent at a teletype terminal in the closet doing drill and prac-
tice, and to concentrate on the drill and practice as the area where
computer assisted instruction should be brought in is simply misplaced.
If we are going to attack the instructional process, what happens in
the other 45 minutes of the classroom Seems to me to be the important
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area. Let me describe a research study that was done in the early his-
tory of programmed instruction, that I think might provide some lessons
for us here.

Wey, way back when people were arguing about such things as, are
overt responses really necessary, and sll the other issues which surroun-
ded the programmed instruction field, a very interesting study was car-
ried out at a major American university in which the researchers directed
themselves to the very appropriate question of how important the overt
response is. Another way of phrasing the question which they thought of
was, suppose you just have a student read a program of instruction in
which all the blanks are filled in. Would there really be any difference
between his behavior and that of somebody wino filled in the blanks? So
they directed themselves to this model and took materials which were in
the form of a program - a prograi in statistics I believe it was for
college students - and they ran control and experimental groups through,
and then gave them the test at the end, and lc and behold, there was no
significant difference between those who read rFrames in which all of the
blanks had been filled in, and those who actually were required to
£111 in the blanks. On the basis of these results, they concluded that
overt responding was Ssome kind of fraud which the psychologist had per-
petrated on the rest of us, and that the same thing could be accom-
plished in other ways. These results were published and otherwise sober
people repeated them, and regarded them as solid research results. The
problem was, of course, that asnother hypothesis was possible: that the
material which was used to do the testing was so like an ordinary text-
book that there would not be any difference between reading it and
filling in some blanks. Some people's idea of programmed instruction
is that you simply take out a few key words in a paragraph, and you
have the student f£ill those in; that makes him participate, and he
jearns. I do not mean to beat a dead horse here, we recognize now that
this is not what is involved. The important point I'd like to bring
out is that the quality of the materials you work with is important to
the research. You are not discovering anything if you take a Ppoor Pro=-
gram and test it any number of ways. Your statistics, your correlation,
you can back this up with all the correlations you want, if the materials
to begin with were bad programming, nothing is proved.

T think that unfortunately the image is developing that the computer
assisted instructional system somehow by-passes the programming area.
You have a gigantic, powerful machine and a reference menual, telling
you exactly how to use it. What is the matter with handing the teacher
the reference manual and letting him go? I think that one of the pro-
blems of doing this is, that at present, it lacks the necessary rich-
ness of stating the objectiveness, setting up the stimulus sequences,
calling for the proper respornses, making the responses relevant to the
information being tested, going through an shalysis of concepts, to
discriminations and generalizations, going back and forth in concept
formation, making the student discriminate between the class you are
trying to teach him sbout and all the other classes, and jumping back
and forth between that and getting him to generalize within the class
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you're involved with. If you ignore all of these aspects, then the re-
sults of computer assisted instruction research are not going to he any
better than the use of the computer to simulate what a pretty good
teacher would be. I refer to the Seientific American article on the
Brentwood project. Nothing was shown there which wasn't known befcre.
Drill and practice exercises were used, but there was no overall pro-
gramming approach. How the decision that drill and practice excer-
cises are the right place to start was arrived at was not made clear.
The interpretation of the data which did occur has been published on

onc page of the Scientific American article. There is a list of pro-
blems that were presented to the child for solution, and it was pointed
out that #7, which consisted of an equation, received a lot more errors
than #9, although #9 was the exact opposite of #7. This was presented as
some kind of puzzle. Anyone who has been involved in behavioral tech=-
nology would immediately want to suggest a sequential effect here: maybe
the reason #9 was answered correctly more often than #7 was because it
followed #7. This apparently did not occur to the researcher on that
particular project. It's being the "exact opposite of T", is an inter-
esting arithmetic or logical feature of the material, but is not the
point of the behavior of the student who is trying to work with this
kind of material. And so I must come back to the original statement
that the quality of the programmed material is of importance. The re-
search results are not going to improve until more attention is paid to
these areas, and perhaps more people with these kinds of skilis are in-
volved in the sort of work being done.

Let me proceed to my last point and then I shall stop. Here is a
chart of systems components and the reason I am showing this to you is
to help in identifying the various parts and functions of the many
different kinds of systems that you will be seeing in the next week.

We have talked about hardware and software. A pretty detailed list of
what you might expect to find, and the functions that these things per=
form can be listed.

First of all, there are the hardware components. We have the cen-
tral processor which executes the programs stored in it. We have the
student terminals, and here 1 have a number of different ccmponents.

If you are using a teletype system, you will have either a computer
printer or a teletype, or some other kind of printer. A cathode ray
tube display is often found. A projector indicates in the IBM 1500
system they use, I believe, either slides or strip films with random
sccess to a 1000 frame. The functions that these particular components
play is to present informstion, directions, and questions to the stu-
dent. Then there are keyboards, and you will see these in almost all of
the systems being discussed. There are light pens used only with a
cathode ray tube, and some systems use microfilm so that the student's
audio responses can be recorded and used in some way later on. The
function of these components is o accept student responses to questions;
or one of his responses may be held. It can be, "T need more assistance".
Tt is not just a straightforward gkinnerian type of response.
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Then there are input-output units of various kinds not connected
with the student. When you look at the Brentwood installation, the
first room you go into is full of a 1ot of these other devices and you
will wonder what they are all there for. They are for the operator to
use, and conslst of on-line printers, card readers and punchers, oper-
stor-consoles, ete. In the terminology of the IBM system abt Brentwood
these are proctor consoles. They allow the operator to load progrems
and course materials, to call for print-outs and summaries, etc. and,
in effect, to manage and control the system.

Then you will see boxes which contain auxilliary storage units
and almost all of the manufacturers here are using disc random access
devices. In yesterday's presentation, we had a fine description of
whet these are. They provide storage for the courses, for accumulat-
ing the statistical data, for actually storing some of the programs
which are used, etc. Finally, there are switching units which control
the various student terminals

Now the word software has been thrown around & lot in the last two
deys. I have used it here in the very strict, perheps old~fashioned
sense to mean the computer programs which perform the following func-
tions. There has to be a program to allow the instructor to load the
course material, to request performance data, and to revise or update
the courses in the machine. <You need a Pprogrem to allow the student
to identify himself and the course that he is in, to select a starting
point in the course sequence (the student mey tell you where he is in
the course or the computer mey go back to his previous history and tell
him where he 1s in the course)., You need a program which then presents
messages to the student and receives his responses. You have to process
those responses and choose the next message to be presented. There has
to be a computer program to collect, summerize, end print out perform=
ance data -~ things you might want to find out such as, "incorrect" or
"oorrect” responses, numbers or ratios, response times. You mey want to
do this by student, by class, by instructor, by the ltem in the program,
by the course that is beilng presented, by any way that you can select
this deta. You must allow the system operator to set the time~8haring
1imits and priorities. You have to allow systems programmers to make
changes in the software itself. Now this body of programs which must
be stored inside the computer before you can begin, this, I will call
software, and I would llke to suggest that this 1s a proper term.

There is & lot of other material which I call course material, to
distinguish it from the sofware. If you call the course material soft-
ware, too, then you have to meke up another term to describe the com=-
puter programs. These meteriels are stored in the system for two pur-
poses: for presentation to the student (you give him informetion, direct~
ions, and you esk him qpesﬁions), and for the control of the course ses
quence. You have to put in the criterisa for evaluating the student's
responses; that is, you may store correct answers and bounce hig an-
swers off of them to see whether they are correct or not. You must
have some way of specifying the rule for choosing the next messege,
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and you may want to do “his on the evaluation of the last response, the
student's performence history, or whatever.

Those are some components of the kinds of systems that you
will be looking at. it may help you to organize some of your comments
about those systems and the way they function.







THE LOG OF THE TRAVELING SEMINAR

Plan of the Trip

After the briefing, the panel accompanied by the Project Officer
from the Office of Education and the professional staff of the Educa-
tional Policy Project began their tour. Five major research and devel-
opment sites typical of sophisticated work in the field, had been
chosen. This is not to suggest that the scientists and educators at
these sites possess unique skills. Their work, however, does demon-
strate advanced uses of the computer in education. Nor were the choices
designed to present only the computer assisted instruction available
today, but included as well research on particularly promising possi-
bilities for future computer applications to a variety of educational
needs.

There is a merked divergence of teaching models employed at these
centers. Non-instructional computer applications to education are
under investigation at some. Visits were arranged in a rough order of
ascending complexity of teacher techniques. One site, of course, did
not take up the same teaching approach where another stopped, rather
each demonstrated research on increasingly complex teaching processes.
These ranged from drill and practice methods through concept-introdu-
cing tutorial schemes (including programmed instruction without the use
of machines), to Socrastic strategies. Programming by students, to
teach problem solving was demonstrated in the latter part of the trip,
and the weeklong survey ended with a presentation of games and simu-
lation. A considersble overlap of subject matter was involved since
there is a heavy concentration in this field on mathematics and lan-
guage ckills, In addition to these two basic subjects instruction in
the physical and social sciences were demonstrated. The group also
was given the opportunity to observe an early implementation of com=-
puter ascisted counseling, as well as computer programs serving adminis-
trative functions. The itinerary was as follows:

1. Institute for Mathematical Studies in the Social
Sciences, Palo Alto, California

o, System Development Corporation, Santa Monica,
California

3. The University of Pittsburgh Learning Research
and Development Center, Pittsburgh, Pennsylvania

k., Bolt, Beranek and Newman, Inc., Cambridge, Massa-
chusetts

5, Abt Assoclates, Inc., Cambridge, Massachusetts.

82.
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Three weeks later, a committee from the panel reassembled to visit:

6. The Responsive Environment Corporation's Learning
Center in Brooklyn, New York

To The New York Institute of Technology, 0ld Westbury,
New York.

It should be noted that the sites visited included practically
every type of R & D permutation and a range of profit - nonprofit
structures from university to publicly held corporation., Panelists
were sensitive to the effect of different financing methods on moti-
vation, investment of risk, and management of research.

Review of Site Visits

Throughout the trip, the Seminar remained true to its name: +there
was constant discussion through the day at the sites which continued
during the evenings and on airplanes as the group travelled from place
to place. Each site visit raised further issues about the present
direction and future potential of computers in education. This section
will include & brief description of the group's experience at each cen-
ter, along with some of the critical issues that arose in their dis-
cussions, Detalled descriptions of the research projects can be found
in the references listed in the bibliography, either under the names of
the researchers mentioned or of the centers visited.

L. Institute for Mathematical Studies in the Social Sciences, Stanford

University.

A. Dr, Patrick Suppes met the group at Stanford, and described
the basic pattern of the review drill and practice CAI being developed
there in arithmetic and logic under his direction, and in reading under
Dr. Richard Atkinson, using the elementary school mathematice program
as the principal example,

B. The group then divided to visit demonstration centers at the
Brentwood and Walter Hayes elementary schools. Brentwood provided a
view of youngsters from a culturally deprived area working on arith-
metic and reading review drills., Walter Hayes taps a more middle class
population. In addition, its schedule includes special work in logic
for unusually bright bth grade students with introduction of concepts
as well as review of classroom work.

Questions which began immediately to be debated centered on the
learning process itself, and on the roles of teacher and student in re-
lation to the machine. What can be established about how students learn,
from the tracking of student scores on drill and practice problems?

How will the teacher see his role in relation to "machine controlled"
teaching outside his clascroom - will he find the computer drill
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acceptable and encourage the practice it provides his class or will it
be s threat? Who will produce the software demanded by such programmed
instruction ~-- industry, universities, or present curriculum develop-
ment professionals? Is programmed instruction itself the best use to
make of the computer's capacities? Does drill and practice allow for
other than sequential learning? Will the sheer controlling power of a
computer which greets each child by name and judges his multiple-choice
answers foster an attitude of submission to the machine? On the con-
trary, will the rational use of tools like the light pen and tele-
typewriter keyboard help teach the child that the computer itself is a
tool, useless until it is activated by a person? These and a number

of other questions sbout the administration of the two pilot schools
provided the core of discussion during the visit to Palo Alto. This was
rounded off by a brief discussion of communication futures with Dr.
Wilbur Schramm, and a visit to the Stanford University Communications
Study Center.

2. The System Development Corporation

The entire day was spent at S.D.C. with demonstrations provided in
+he conference room. Dr. Launor Carter sddressed the panel first, giv-
ing a history of the organization and the range of its present activi-
ties.

A. Dr. Harry Silberman then presented a short overview of the
Fducation end Training Division's research projects which include com-
puter assisted vocational counseling demonstrated lgter in the day.

He suggested to the panel three major problems CAT will face in the
1705, (1) Fecilitating communications of teacher and student with the
machines. The teacher does not meke the programs, but if he cannot
control the system effectively he will bypass it. Interface design
problems are serious: Yyoung children need the opportunlty to use more
graphics, to write on the display mechanism and be furnicshed displaye
easily. Development of more natural languages ls crucial along with
programming for a broader range of responses. Ways must be devised to
moke English input acceptable co that the machine can engage in a reme-
dial dialogue with the student, generating hypotheses and questions in
order to teach a process of thinking. (2) Costs of implementation,

The cost benefit approach will not work becesuse it is impossible to
find a fixed criterion to which to gttach a dollar value. In addition,
the costs will remain high because of the long time needed by many
skilled people to produce software. Even hardware costs may be expected
to stoy high for gome time because of the relisbility problem. (3)
Systems boundaries. Will the system in which CAT functions be the pre-
sent school? There may be a need to redefine schools to cover a wider
range of teachlng situaticns for which this device is appropriate.

Diceussion was highly recpongsive to these problems set forth by
Dr. Silbermsn. The quality of the interface was debated: Is it
appropriate to take an adult device like the typewriter keyboard be-
eouce it is availsble and use it to teach the young. Should CRT
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displays remain restricted to single projections and multiple-choice
presentations or can other uses be found more appropriate to the neuro-
logical processes of the young? The implementation of CAI in schools
seems most likely to be made possible by prior adoption of the computer
for administrative uses which are better developed. One problem here

is faece validity ~ if the administrative helpfulness of the machine is
obvious, school boards are likely to buy computers., Clear value to

the user is essentiagl, This, however, raises the issue of compatability,
since the hope is that the computer purchased for administration could
be used for instruction. There 1s a critical need for equipment which
can accept programs developed for different equipment. Are we presently
facing an irresponsible proliferation of language and devices, or is
this a necessary developmental stage? Should an effort at central con-
trol be undecrteken not to standardize machinery and develop compatible
languages, or would this choke off necessary divergence? Such questions
are especially difficult because they involve not only technical, but
also political decisions. The systems problem can become a morass.

CAIL can be used only for a limited time each day and should be thought
of as an auxiliary to learning systems and not as the total learning
environment.

B. Dr. Jules Schwartz gave an explanation of time-sharing. He
noted that there are three mgin characteristics involved: ¢imultaneous
systems which allow multiple users on~line; general-purpose systems in
which a varilety of programs are possible, but usable only at different
times; and independent operations where the computer can handle differ-
ent programs without confusing them. While all time~sharing is not
characterized by all three, CAI would require the full range of capaci=-
ties. If administrative services are also to be made possible, then
a dual system is needed to include batech processing for such things
ae running payroll at night.

C. In the afternoon, the group reassembled for Dr. Charles Frye's
explanation of the PLANIT language, developed by S.D.C. for teaching
statistics, but now being used for a variety of CAI and counseling
funetions., As described, it is easily adapted to school administration
uses, PLANIT is a cimple language from the user's standpoint. A pro-
gram can be built by a person previously unacquainted with it who
learns the language ac he proceeds. Its symbols refer to natural
English words, and it can be uced in g shorter mode by those already
familiar with it.

D. Dr, Donald Ectavan and Dr. John Cogowell then diccussed, and
demonstrated on the computer, the company's computer assisted counseling
nrogram which at present ic being tried out in a loecal Jjunior high and
n loecal high school. This uses the longer form of PLANIT (eleser to
natural English) and can be used by the school counselor or the student
to obtain prediections about probabilities of success in college and
vocational choices based on the student's I.Q. and the other test
seores, previous courses and grades. The reactlon of the panel was
charp, and quections tended to focus on the quality and implicabions
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of this type counseling. Correlations, for instance, between any
present grades coupled with I.Q.'c and later success in a profession
are built on average data. How well can this apply to one youngster
who may be going through adolescent difficulties which make his

grades drop and who yet has great potential? What of the effects of
set on the "late bloomer" - having been "told" repeatedly by the com-
puter that he is good for little that interests him, how likely is he
to try to achieve? Would this program be better available only to the
counselor to help him with record keeping and information retrieval,
so freeing him for more time to discuss problems with students? He
could quickly have at hand a print-out with a student's record up-to-
date, including such factors as gbsences due to illness; he could

also obtain from the computer information on the entrance requirements
of various colleges and universities or the requirements and oppor-
tunities of professions and crafts.) On the contrary, is computer
availability to the student a good motivating factor - is it easier for
some students who would otherwise avoid the counselor, to edge into the
counseling situation by starting with an impersonal machine rather than
by facing an adult?

E. Dr. J. O'Toole then presented an overview of the Advanced Sye=
tems Development Division, and Dr. R. Perry described a program for the
vocational education of military retirees as teachers. This is funda-
mentally a man-job-matching use of the computer, bringing together the
need for teachers in technical skills areas with men trained in the
military tc those skills. The group discussed this mainly from the
point of view of the social innovation involved. That is, the simple
matching job in reality could set in motion a new social device to
fill a present severe educational gap: the lack of vocational train-
ing teachers.

F. Dr. H. Burnaugh completed the afternoon's presentation with a
brief description of BOLD (Bibliographic On-Line Display), an inform-
ation retrieval system which at this time has been applied to Depart-
ment of Defense technical papers. Since BOLD allows for browsing among
categories of available material in the relatively simple PLANIT lan-
guage, it suggests rich possibilities for massive student use of
rTesSources,

3, University of Pittsburgh Learning R & D Center

A. The day in Pittsburgh began with a visit to the Oskleaf Elemen-
tary School where non-computerized, individually programmed instruction
is being used intensively as a teaching device in mathematics, langusges.
and the sciences. Dr. Ce M. Lindvall, Dr. John O. Bolvin, and Dr. Joseph
T. Lipson accompanied the group. In this school children receive not
only individual programmed instruction in a subject, but small group in-
struction and classroom work as well., The programmed instruction in-
cludes pretests and posttests and branching where needed: to specisal
drill for slower students, or the presentation of more difficult mater-
ial for faster ones. The system is monitored by teaching assistants
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and the teachers rather than by machine, A child goes to a shelf for
his own material for the day, checks it out with a teaching aide, and
then proceeds to work. He can ask questions of the aides,.and brings
his work for correction when he has finished his page. At present the
school is anticipating the use of a computer for record keeping, since
a great deal of human time is needed to score and record. Teachers,
freed by the help of their aides, go over each child's work and pre- -
seribe his next project. They can have a child go on to more difficult
work alone, or assign him to a teacher or an aide for tutoring; clu-
ster small groups of children for special sessions on material they
a1l find difficult; and alter the general classroom presentation accord-
ing to the whole class's progress. Computer tracking is being con=-
sidered to offer the teacher suggestions for flexible scheduling which
he can accept, reject, or modify.

This is an unusual way of using programmed instruction because it
is integrated into the total teaching system under the control of a
master teacher, and retains the advantages of individual rates of Ppro-’
gression. A youngster in grade 3 may actually be reading, for example,
ot the 6th grade level and doing 4th grade work in the social sciences.
The inevitable rigidity of preprogramming e machine for necessarily
limited contingencies is avoided. This individualized instruction
isolates the child less because it is coupled with the flexible, teacher-
prescribed scheduling described above. In the science classes, children
work with a variety of media, sitting with earphones in front of fish-

tanks and bright boxes to be opened, etc., and following audio instruc-
tions to guide their investigation of phenomena. The children them=-
selves take out their own records, put them on, and replace them on
storage shelves. Further, some branching is eventually student-pre-
scribed, a process which the children enjoy.

This use of programmed instruction, then, is not only thoroughly
integrated with other forms of learning offered in the school, it is
basically under continuing close teacher control =xnd even in various
ways under learner control. The demands on twachers are heavy. The
program was worked out in close conference with them, and does at
present take more time than their regular work day in spite of the
aides who help with the programmed instruction and the clerical work-
ers handling record keeping. The ratio of teachers to students is one
teacher to 25-30 students.

Tssues raised by the visit to Oakleaf clustered sround the role
of the teacher, as well as the learning process itself. If he indeed
becomes a master teacher will this bring better qualified professionals
into the field? Are the effects observed at Oakleaf transferable to
other schools, or is the Hawthorne effect particularly strong here
where researchers not only pay special attention to the students, but
also confer frequently with teachers? Is the main benefit of program=-
med instruction that it allows flexible scheduling of students for
tutoring and small-group sessions? Will the introduction of the com-
puter to help in this Pprocess reduce the teacher's controlling role
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because of a tendency to accept the computer's "advice" as the most
sccurate and expert possible? When students are allowed to manage their
own branching, how easily can the teacher be expected to shift his role
to that of advisor? Bypassing the track system seems to be a major ad-
vance, but the Oakleaf School draws on an economically secure lower
middle class population. Would it work as well with a disadvantaged
group where the social class gep between master teacher and student

is likely to be greater, and where encouragement of learning at home

may be less?

B. The afternoon was spent at the Learning Research and Develop-
ment Center, University of Pittsburgh. Dr. Robtert Glaser outlined to
the group the research work of the Center: on-line experimentation
which allows changing varisbles during the course of the experiments;
freestanding devices to accomplish teaching tasks without the need for
the expensive power of a large computer; CAIL research, including
development of terminals better adapted to manipulation by children,
and establishing the parameters needed for instructional decisions by
computer - the kind and extent of information about & child's perform-
ance which should be stored.

¢. Dr., William Ramage and Dr. James Holland then discussed re-
search on CAI, and a tour of the laboratory followed. The uses of the
computer for data collection and manipulation, and for research on
CAI were presented as unique Jobs which require the computer, whereas
much actual instruction can then be accomplished throughout school sys-
tems by smaller, free-standing hardware. These devices should be fairly
simple, and comfortable for the child to use. Prototypes of touch-
sensitive input devices were shown, such as the totally sensitive CRT
screen on which a child may draw with a light pen, and on which the
teacher can also draw and write from his control station. A further
refinement is specially sensitive paper on which the student can draw
or write even with a pencil: the lines are reproduced in light on the
CRT, but the student takes a copy away with him from the machine and

study session.

D. Research on reading and early verbal learning was presented by
Dr. Paul M. Kjeldergaard. A free-standing device is used which has
sudio and oral capacities, plus a window with three choice buttons. It
allows individual phonics and reading drill as the child presses a
button, sees a letter, and hears the sound.

E. Mrs. Lauren Resnick then described teacher training research
which is aimed at discovering the crucial variables in the teaching and
learning of basic skills for the pre-school child. The concept of par-
sllel lines, and the learning of color names had been chosen for this
pilot project. Teacher tyainees are allowed to make only certain
specific statements to the child in the attempt to separate out cog-
nitive variables.

F. Dr. Glaser sat down with the panel at the end of the day for
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a general discussion about the changes CAT can bring to education.
Will the tangle of "special educaticn" classes be unravelled so that
everyone is taught according to his needs? Will testing as it exists
today disappear in favor of the constant feedback available from each
learner's performance? A huge data base can become available. Will
this allow the teacher to make individual learner prescriptions?

The division of subject matter into neal categories may chenge radi-
cally - for instance, visual imagery in mathematics will be possible
so that a child can begin to learn about calculus by watching how a
point reaches its limit.

L, Bolt, Beranek, and Newman, Inc.

A. The last morning of the trip and part of the afternoon were
spent at this software, service center, and engineering research
corporation. Dr Bolt addressed the group first, giving a history of
the organization, and its invclvement with computers, languages, and
instructional systems.

B. Dr. Wallace Feurzelg and Dr. John A. Swete then joined the
conference. The first research projzct described was tlie Telcomp
language developed to allow easy dialogue with the computer (a 6th
grader can learn this Telecomp in about half en hour).

C. Demonstration followed of the student-programmed mathematics
now being used in five schools in the Boston area. The instructional
orientation is problem solving, rather than reinforcing the acquisition,
step by step, of small bits of information. ZHssentially the student
learns concepts by using the computer as a tool to solve mathematical
problems at a teletypewriter interface. The panel was shown an example
of a youngster working out the least common multiples of a group of
numbers, and so discovering the algorithm involved. Children, includ-
ing the average and below average are reportedly enthusiastic about
the exploration this allows them. Some group problem solving develops
in the classroom as the youngsters, lined up for their turn at the
terminal, begin offering suggestions and meking hypotheses about solu-
tions.

D. A demonstration of the Socratic case study method followed.
Solving a mystery was the example, although BB & N, in conjunction
with the Harvard Medical School, is developing a program for giving
fourth year medical students practice in medical diagnosis. Again, the
approach is not to teach "straight facts", but to facilitate wider
learning. The student uses data provided, his previous learning, and
an inquiry system to form hypotheses in increasingly closer approxi-
mations of the causative situation. The program uses natural English,
and a long list of possible responses is provided the student,

E. The last demonstration was of "Little School”, an information
retrieval system for administrative use programmed in Telecomp. It
makes it possible for school personnel not experienced with computers

-
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to utilize computer files easily. (Further description of this system
is not only available in the bibliographic references, but can be found
in Dr. Wesley Meierhenry's chapter under his discussion of computer
advantages for educational administration).

The demonstration of the mathematics program brought questions
about group learning to the fore. It was suggested that we do not
know the optimal balance or sequences of group vs. individual learning.
Group CAI would seem to have great learning advantages, and totally
isolated instruction ignores human learning needs. In addition, the
problem-solving tool use of the computer helps form logical thought at
the same time it reflects back more faithfully the student's cognitive
style. What are the implications for teaching of variations in congi-
tive style? Can this question be separated from the social matrix of
the individusl? Will it then be sufficient to try to asses a child's
functioning at the terminal only, or must there be investigation of
this matrix?

Material describing the work of the center in greater detail was
meiled to all participants, as it was at other centers visited.

5. Abt Associates, Inc.

A. Dr. Clark C. Abt reviewed the development to the present of
games and simulations and described for the seminar participants his
company's use of manual games for teaching social studies. They pro-
vide a situation where the child can learn by doing - that is by
problem solving, by making mistakes, by experimenting with outcomes and
variables. The child can actually make history or manipulate the coun-
try's economy within the limits of the rules characteristic of that
period. He is therefore offered the opportunity to learn by being
presented, for example, with an historical situation and being given
a role to play within a set of parameters determined by the game being
played. Mr. James Hodder noted that non-computerized games in the
classroom have certain limitations. The learners often need more
information, and in order to get it must interrupt the game for library
study. A computer could be prcgrammed to provide more background in-
formation, on demand, and further would show consequences of a given
action more quickly. But it may also be true that there is more intense
interaction between players, sharpening motivation for learning,. with
manual games.

B. A gemonstration of "Manchester' followed. Issues raised in-
cluded the cooperation, as well as competition fostered by this tech-
nique. There was also discussion of the understanding of human moti-
vation students can begin to ascquire when they take up the role of a
human being operating with certain (historical or economic) goals yet
with a personal style, under given restrictions. If the student's own
motivation to learn is sharpened by such participation and re-invention,
does this have implications for teaching strategies in general and the
most effective use of computers in classrooms in particular? Should
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active, learner-controlled work be emphasized rather than more passive
programs?

6. The Responsive Environment Corporation Learning Center

Dr. John Martin, Dr. Ed Welling, and Dr. Benjamin Israel greeted
the committee of panelists to observe a demonstration of individualized
reading instruction by Talking Typewriter and the related small=-group
teaching method used for culturally deprived first grade children. The
group could watch the children in their booths through one-way mirrors
and discuss details of the programs with the booth attendants. Later

~ there was an opportunity to watch the same process with older, (high
school age) slow readers.

Since this instructional system is based not only on a form of
programmed instruction, but on the tutorial strategies a teacher using
the regular school reader might employ, questions were raised about
the essential uses of the computer in instruction. What unique work
can it perform? Is its best function indeed monitoring a variety of
teaching devices? How much of the success of this reading project is
due to bridges formed by the booth attendants who are from the same
social background as the children and communicate with them much as
their parents do? How critical is the time spent in the small-group
classroom in integrating the booth work with the ordinary class day?
How well do the public school teachers understand the Learning Center
work - is one of the critical variables the integration of this work
within the local public school system? How well can the system be
adapted to another community?

T. New York Institute of Technology

Dr. Alexander Schure met with the committee for lunch and described
+the Institute's systems analytic approasch to higher education. After=
wards, the group toured the campus to see the various free standing de-
vices used in classrooms, These ranged from an Edex system to teaching
machines available to students for optional review work. The Institute
is also adopting on and off-campus CAI system planned to reach 4000
students. Diversification of media is considered essential to provide
flexibility. The basic concept provides for devices and courses under
teacher and student control with a computer system for record keeping
and retrieval.

Discussion revolved around broad policy issues. Is there any point
in using increasingly powerful computers for CAI? Should concentration,
rather, be on more appropriate terminals and programming excellence?

CAI research at this time tends to be fragmented. Among other problems,
there is need for evaluation of the effective parameters necessary to
improve programs. A National Educational Technology Policy Laboratory
was suggested to cocrdinate communications between the Reglonal Labora-
tories, industry, end university research centers. Such a national
laboratory would study all educational innovations, and not be
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restricted to CAI. The coming communications explosion will have

social ramifications which must be taken into account in planning
schools and in implementing CAI., Schools need to be better inte-

grated into their communities. Planning must be done within the frame-
work of the social, economic, and political realities of the communities
served by the school.

This last meeting of members of the panel resulted in the con-
cession that continuing and realisuvic monitoring of the field is neces-
sary, so that those involved in decision meking may have adequate and
well formulated information, and so that a degree of order and system
be integrated with the freedom of Research and Development necessary
to progress.
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THE PANEL

BIOGRAPHT.CAL: DATA

Ten senior scientists and educators with a wide range of talents
applicable to education and to computer technology were assembled
for the Seminar. The group included two deans of education, an ar-
chitect, the president of a university, 2 psychologists, a psychiatrist,
a sociologist, a director of curriculum development, and an economist.
They provided competence in many areas: research and development in
educational media, engineering, educational research, school design,
systems analysis, program development and innovation, and programmed
instruction. The following is a brief professional description of
each consultant. It does not, however, begin to reflect the sum of
the talents represented by the Seminar.

Dr. C. Ray Carpenter: Research Professor, Psychology and Anthropology,

The Pennsylvania State University Department of Psychology.

Dr, Carpenter is scholar, scientist, and humanitarian who for
meny years has been deeply engaged in the study of educational processes.
He is presently Chairman of the Committee on Research and Development
in Higher Education of the American Association for Higher Education, and
Acting Chairman of the Advisory Committee on Media Programs and Research
of the U.S. Office of Education., His research activities at this time
inelude the study: "Conditions and Factors Affecting the Quality of
Tnstructional Television Programs" for the Office of Education. Dr.
Carpenter serves as consultant to numerous universities, institutes,
and foundations in his fields of interest. Among these are the
Yerkes Regional Private Research Center Board of Scientific Advisors,
the Planning Group for a Regional Educational Laboratory in Virginie
and the Carolinas, and the U.S. - Japan Cooperative Science Program.
He ig also editor of the international journal Behaviour. TFrom
1952 - 58 he was Head of the Department of Psychology of Pennsylvania
State University, and from 1957 - 62, Director of Academic Research
and Services,

Dr. Donald A. Cook: President, Donald A, Cook, Associates, Inc.

Dr. Cook was educated at Princeton and Columbia, and received
his graduate training in experimentally based learning theory at the
latter institution. He has taught psychology at Barnard, Columbia,
and Fairleigh Dickinson. He was formerly Director of Programming
at Basic Systems, Inc., and later Manager of Technical Planning, Xerox
Education Division. Dr. Cook has published extensively in programmed
instruction and related fields. He has served as consultant to the
Responsive Environment Corporation, and as an independent consultant
in the areas of educational evaluation, plenning, design, and utilization.
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Dr. Frederick J. Duhl: President, Behavioral Systems, Inc.; Director
of Education, Boston State Hospital; Assistant Professor of Psychi-~
atry, Tufts University School of Medicine,

Dr. Frederick J. Duhl, M.,D., is president of a consulting
firm whose activities are focused on the areas of educ “ion, mental
health, health, and welfare services., His formal education has been
primarily in the field of his specialty, psychiatry. His orientation
to the humanistic aspects: of education as well as the complex inter-
relationships in and between organizations concerned with human
development derives from his practice as a psychiatrist, as well as
his interests in General Systems Theories. He is the co~-editor of a
forthcoming book entitled, General Systems Theories and Psychiatry,
with Dr. Gray and Dr, Rizzo.

Dr. Russell P. Kropp: Director of the Institute of Human Learning
and Professor of Educational Research at Florida State University.

Dr. Kropp's current research deals with the measurement of higher
level mental processes, and the optimization of learning through aptitude
treatment interactions. His teaching field 1is educational research
methodology. His recent publications include: "The Construction and
Validation of Tests of the Cognitive Processes” as described in the
Taxonomy of Educational Objectives (U,S. Office of Education Coopera-
tive Research Project No. 2117), and "Identification and Definition $
of Subject-Matter Content Variables Related to Human Aptitudes" |
(Office of wsducation Project No. 2914),

Dr. Hylan Lewis: Professor of Soclology, Brooklyn College, the City
University of New York; Fellow, Metropolitan Applied Research Center,
New York.

Dr. Lewis is not only a distinguished sociologist, but one i
with special training and practical experience in economics, labor I
relations, and personnel work, He 1s a gifted teacker, and author
as well, He hag consulted extensively for the Government on manpower,
delinquency, the mental health of children, and problems of the aged.
He served as a Chief Consultant to the 1965 White House Conference on
Civil Rights, and is a member of the Head Start Research Advisory
Committee., In addition, Dr. Lewis works on numerous boards and com-
mittees concerned with education, lebor relations, and inner city
problemg., The consulting activities have given him wide experience
both in the United States and abroad. He is the author of Blackways
of Kent, and of many recent articles on problems of poverty and race.

Dr. Eugene Meloone: ILecturer, College of Education, and Lecturer in
Ticonomics, College of Business and Public Administration of the Uni-
versity of Maryland,
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Dr. McLoone has worked on the economics of education and the fin-
ancing of public education at the elementary, secondary, and higher
education levels. His most recent publication is Long-range Revenue
Projections (For State and Local Governments) written as part of the
State-Local Finances Project of The George Washington University. Pre=-
viously, he was employed by the U,S. Office of Education where he pre-
pared comparative descriptions of state finance plans and school expen-
ditures. He has served as a consultant to five states in designing
state aid plans; to various school boards; to The Great City School Im-
provement Council; to the U.S. Commission on Civil Rights on the re=-
lationalship of state aid to large-city school finance.

Dr, Wesley C, Meierhenry: Assistant Dean of Teachers College, University
of Nebraska.

Dr. Meierhenry is the President of the Department of Audiovisual
Instruction of the National Education Association. He was a member of
the team that recently visited Guam to develop a plan for educational
improvement wvia the media. He was recently appointed to the Advisory
Committee on New Educational Media of the Department of Health, Eduza-
tion and Welfare. He is consultant for the Subcommittee on Innovation
and Efficiency in Education of the Committee on Economic Development,
and for colleges, universities, and public school systems. Dr., Meier-
henry's most recent publication edited was Media and Educational Inno=-
vation, and he has at this time two books in press.,

Dr, Alexander Schure: President, New York Institute of Technology.

Dr. Schure is a pioneer in advanced educationsl methods, including
the use of multi-media. He is the author of more than fifty publica-
tions in the electronics field, and the director of numerous research
programs relating to the application of technological devices to educa=-
tion. Under his direction, a research program on a systems approach to
educatlion is being conducted at the Instltute. Dr. Schure is a con-
sultant to the U.S5. Office of Education, the New York State Board of
Regents Vocational Advisory Committee, and to the Educational System of
Brevard County, Florida. His service and membership include such com~
mittees as: Chairman, Task Force, Curriculum Development, Electronic
Industries Association; Director of the Council of Institutions of
Higher Education of New York; Chairman, ETV Committee of the Council.

Mr. Charles B. Thomcen, A.I.A.: Assoclate Partner, Caudill Rowlett
Seott Architect Planners, New York City.

Mr. Thomsen has been responsible for developing computer capabili-
ties within the firm prior to his present position of co~manager of the
CRS New York office. His ploneer efforts in the field of architecture
led to the fimm'c development of an aetive computer research program. Mr,
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Thomsen has authored several articles for professional Jjournals and is
currently writing chapters for two different books on computer sppli-
cations in architecture and education. He is a former Assistant Pro-
fessor of Architecture at Rice University. Mr. Thomsen serves on the
national committee on Research of the American Institute of Architects.

Dr. Elizebeth Wilson: Director, Department of Supervision and Curricu-
1'm Development, Montgomery County Public Schools, Maryland.

Dr. Wilson has had extensive experience in teaching, administration,
and curriculum development involving children and adults. Her own edu-
cation was completed at Harvard University in educational psychology,
and at the University of Maryland in philosophy and comparative education.
She has worked abroad as well as in the United States: in elementary
school teaching, as a Navy Information and Education Officer, and later
as Education Specialist on the American Education Tour in Korea. In
1965-66, Dr. Wilson served as Project Director at The Center for the
Study of Instruction of the National Education Assoclation.
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Balance is perhaps the one word which best characterizes this
compleat educator whose pre-eminent concern is with the learn-
er's needs, but who also devotes close attention to the nec-
essary logistics of the system. He shows a calm acceptance of
the computer as a tool to be used by human beings for good or
ill - a device whose impact on education will force us to be
precise about our goals and means in the classroom, and will
allow us, if we accept the challenge of it potential, to ex-
pand startlingly our capacity to educate. He is & teacher,

as well as an educator. It is all too easy to glide rapidly
past his gentle phrases filled with meaning, yet he exposes
with clarity major issue after issue. The paper ranges from
advantages and weaknesses of present instructional programs
through the dangers of mechanical reliance on the computer,

It is well founded in today yet looks to tomorrow with ima-
ginative suggestions for concept development model building
in education.

COMPUTERS IN EDUCATION

Wesley C. Meierhenry

CAT and the Crisis in Educational Policy

The invention and the introduction of a new device into a
society always changes the form of that soclety so that it never
again returns to its earlier state. For example, the movement
from the stone age to iron age implements brought about great
societal changes. BEducational ingtitutions are similar to the
gocieties of which they are a part inasmuch ag they too change in
response to new modes of doing things. Education has and will be
changed more by the the introduction of computers than has been
true of any other invention in itsc history. The writer, an edu-
cator, will examine some current applicationsg of the computer to
school systems and to the teacher education institutions which
prepare practitioners for the schools, some concerns about the
application of computers to education, and finally opportunities
which the computer represents for the golution of some complex
and knotty educational problems.

A reecent report on the use of computers in colleges and uni-
versities indicated the following implieationsg:

"Computers were first introduccl ii ;o universities
as rare and special pieces of equi. .~ ¢ used for a
few specialized sorts of research by small groups of
people. Today, many universities and colleges have
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centers which serve most of the students, faculty,
and administration both by providing training in
programming and by meeting conputing needs for
undergraduate education, for research, and often
for administration.

Where adequate computing facilities have been
available, the faculty has made increasing use of
computing in both research and education, and com-
puting has become a part of more and more under-
graduate courses, including business subjects, so-
cial sciences, biological and health sciences,
psychology, geology and other disciplines, as well
as mathematics, physics, chemistry, and engineering.
This is consistent with the rapidly growing use of
computing outside the schools in small as well as
large business enterprises, in government operations
and national defense facilities, and in almost all
technology -- those many fields of endeavor where:
most college graduates will find their places. Com-
puting is not an esoteric or specialized activity;
it is a versatile tool useful in any work with a
factual or intellectual content. Computing is be-
coming almost as much a part of our working life as
doing arithmetic or driving a car. 1

Because the influence of the computer is so broad and wide-
spread on the educational enterprise, its introduction has brought
into clearer focus some of the problems which were previously only
vaguely visible. One such problem is that of policy making itself.
The history of education in the United States has been that local
school authorities have been the so-called '"gate keepers" of de-
cisions. Because of the instructional, financial, and organization-
al implications of the computer it is evident that all decisions
can no longer be made at a local level. As a consequence, regional,
state, interstate, and federal levels of planning and decision
making are now recognizable. The introduction of the computer will
make it necessary to re-examine and possibly to re-allocate some
responsibilities to these different levels.

A second area in which the computer requires us to consider
new solutions to all problems is in regard to the concept that
education takes place only within the formal setting now considered
& school system. The computer, because of its cost and its in-
structional implications, requires broader and deeper consideration
of what education is all about. Education will be considered in-
creasingly as @ neighborhood or community wide experience involving
not only the schools but community groups and agencies, both public
and private. Such programs as Head Start and the Job Corps have
indicated the untenability of considering the school systems as

1. Computers in Higher Education. Report of the President's Science
Advisory Committee. "Computers and Undergraduate Education", p.7.
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the only educational instituiion in che community. Even for the
age groups covered by the school system there are new kinds of
quasi-public institutions being formed to deal with the complexi-
ties of the educational problem.

For the purposes of this paper, however, an assumption will
be made that there will continue to be a school system operating
a formal program somewhat as it does now., Even within the formal
school system as it is organized at the present time, the use of
the computer in instruction requires that learning be thought of
according to a multi-dimensional model, including content, culture,
and the learner. Although emphasis may be given to only one of
theze dimensions at a time, the programing of the computer forces
the consideration of the other two and the recognization of the
dynamic interrelationships among them.

Current School Tasks

Sufficient developmental and research work has been done to
demonstrate the feasibility of carrying on many current school tasks
via the computer. There follows a list of activities, functions,
and operations for which computer programs exist which demonstrate
the practicality of doing them via the computer. It is recognized,
however, that in some cases the costs of performing these functions
may be excessive, making it unreasonable for all schools to adopt
these practices at the present time.

1. Budgeting

There are a whole series of financial operations in a school
system for which the computer can be utilized. Such matters as
placing orders and writing requisitions, drawing checks and vouchers,
maintaining inventories of school supplies, textbooks and library
books and many other similar routine tasks relating to budget control
can be accomplished on the computer. It is safe to say that the most
frequent use of the computer in school systems has been for matters
reldted to the budget and that although the operations involved are
important, they are probably not the most significant tasks for
computers to accomplish in education.

2. Scheduling

One problem which has plagued junior and senior high school
principals for decades has been scheduling. Until the advent of the
computer it was necessary to perform the task of scheduling manually.
In a large school the task was time consuming, and even with the
greatest care it was impossible to eliminate all conflicts. With
the advent of the computer it is possible for scheduling to be done
within a minimum arount of time and with confidence that the con-
flicts which appear are impossible of solution. Many school systems
are moving toward modular scheduling which permits the arranging of




100.

a new schedule each day if it is so desired. Thus the computer
makes possible the individualization of instruction insofar as time
allotments are significant in the individualization process.

3. Teacher Assignment

It is now possible to determine quickly the background and
experience of the teaching staff in order that the best prepared
teachers can be assigned to appropriate class sections. It was
possible to do this previously but the task was such a laborious
one that personnel offices simply found it impossible to make the
required evaluations of individual teacher backgrounds. Thus the
computer can assist in making assignments which are desirable ones
for the teachers and for the pupils since they will have assigned
to them the most appropriately trained teachers.

L, Computer Assisted Instruction

Use of the computer for instruction is being demonstrated in
a number of places across the country. There are two rather dif-
ferent kinds of computer assisted instruction which are currently
being explored. First is the presentation of content in the tra-
ditional manner or format. In such instances the computer is being
used to provide drill and formal instruction in much the same
manner as a classroom teacher would develop it. In addition t7
the presentation of the content the computer is capable of gather-
ing large bodies of data which can enable content specialists and
curriculum planners to understand the ways in which students learn
content and also to develop new and better instructional sequences
in new curricula.,

A second way in which the computer can be used is to have the
student do the programing himself by operating within parameters
which have been programed into the computer. Under this type of
system a student discusses a problem in the Socratic fashion with
the computer. The computer provides data upon request and evalu-
ates a proposed solution by the student indicating if it has been
attempted too soon and why. It is obvious that in this kind of
arrangement the student is a much more active participant in the
shaping and molding of the instructional sequence.

5. Counseling

It is possible to use the computer for at least two different
kinds of activities relating to the counseling process. First,
the computer can be utilized to record and compile large amounts
of data about an individual, making it possible for a trained coun-
selor to evaluate this data and thus enabling the counselor to
raise appropriate questions with the counselee. In the past it
has been impossible to find ways and means of identifying, collect~
ing, and summarizing the masses of data which a counselor should
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have about each individual with whom he was working., The computer
is = effective and efficient instrument for accomplishing these
tasks, thus making it possible for the counselor to utilize his
time in more meaningful face to face relationships with his coun-
selee,

A second contribution of the computer is to provide vocational
information to a student who requests it from the computer. It is
possible to store in the computer bank pertinent kinds of informa-
tion concerning personal qualities and characteristics necessary
for success in an occupational field, likely chances of success of
a person who goes into the field with certain kinds of background
and the personal and financial satisfactions of the field. Following
the interrogation of the computer by the student the counselor should
then be able to engage the student in a much more meaningful and
fruitful face to face dialogue.

6. Information Storage and Retrieval

One of the most serious educational problems relates to the
knowledge explosion, and the consequent ways in which knowledge
is catalogued, stored and retrieved by teachers and students. The
computer represents a particularly useful tool to accomplish ex-
haustive searches as information is sought. Therefore, the compu-
ter can be particularly useful to print-out sources and locations
of bodies of knowledge related to a problem being researched. A
second use of the computer is to store documents and other kinds
of information so that an actual print-out of the material can be
obtained upon request. The computer thus can serve both as a search
instrument as well as a storage and retrieval mechanism.

7. Simulation of Innovation

A problem with imnovation in education has been the difficulty
of knowing in advance the impact which a new practice would have
on various aspects of the educational enterprise. It is possible
to program computers to monitor how such factors as the teaching
staff, the students, or the budget might be influenced if a new
instructional idea were adopted. It could be determined, for
example, what might be expected to occur in terms of student deci~
sions and the physical movements of the student body if a school
system were changed to an individualized basis. A board of educa-
tion could be informed what the impact would be of adding one more
student to each class in terms of space requirements, decreased
instructional costs, and other similar kinds of operational and
administrative questions. Computer simulation of either bits and
pieces of the school program or the examination and prediction
of the impact of a new idea upon the total school organization
represent high potential uses of the computer.

8. School Operations
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There are a large number of day by day decisions which admin-
istrators, supervisors, and teachers have to make which should be
made on the basis of data and information but which often are made
intuitively and/or emotionally. The operation of Medinet in hos-
pitals, clinics, nursing homes, doctors offices and medical labora-
tories in the Boston area is an example of the kinds of data and
information which school systems require in order for sound deci-
sions to be madr. Medinet's goal is to enable results such as
the following:

"Much of the valuable time of doctors and nurses
in today's hospitals is spent in clerical work, keep-
ing track of patients' records, recording admissions
and discharges, filing and filling out innumerable
forms with the same information. In medical research
laboratories, skilled technicians spend valuable hours
mechnically assembling data. Precious time often
is lost while a medical history is being retaken,
or being obtained from a hospital in anothexr city.
Doctors can duplicate each other's efforts when they
do not know that the information needed is available
elsewhere, and valuable medical data often see limited
use because their retrieval and analysis is too time-
consuming.,

When operational, MEDINET services will mean: less
clerical tedium in recording and routing information;
faster access to patient data when and where needed;
more effective dissemination of information accumulated
in medical practice and research.

Specifically, MEDINET service will assist hos-
pitals to achieve these typical advantages:

Simpler, Speedier Admission and Discharge Procedures

When a patient enters a hospital, a secretary or
admissions clerk puts the necessary data into the
MEDINET system via a keyboard. The system makes the
data immediately available to any qualified user.

This instantaneous availability of the hospital census,
in full detail, can lead to increased utilization of
the hospital's facilities.

Clear and Punctual Instructions on Medication

When a medication order is entered, the instruc-
tion goes by direct wire to the MEDINET center, which
immediately checks the record for apparent discrepan-
cies, If, for example, the patient has a recorded
sencitivity to the drug, the system issues a warning
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comment. Or, if the indicated dosage exceeds that

in the department's established formulary, the system
asks if the overdose is intentional. If so, the
system accepts the medication order and notifies the
pharmacy of the intentional overdose.

Clearer and Speedier Laboratory Reports

v

Because MEDINET transactions are practically
instantaneous, laboratory reporting procedures
are speeded up. Reports can also be automatically
arranged and displayed in a predetermined order,
such as chronologically, or by logical groups,
thus saving valuable time.

Better Control and Greater Economy in Dietary Functions

t MEDINET service will be able to monitor the com-

| plete menu for an entire hospital, patient by patient,
resulting in lower cost and less wastage. An ac-
curate record of each patient's food intake can be
kept and reviewed.

Retrieval of Medical Data for Research

Time and effort can be saved by entering data
from research projects and patient records into
the MEDINET network. Staff assistants will no
longer have to search painstakingly through volu-~
minous files for statistical samples. The data
become immediately available. The findings of one
doctor can be made known to others, and the data can
be manipulated in a variety of fashions for analysis
| and study.

Improved Patient Care

MEDINET service will offer a powerful addition
to the doctor's armamentarium. Properly used, it
will extend his memory, his control, and his com-
munication ability. When the MEDINET System is
fully established, a doctor will be able to ask for
and receive a complete or abstracted medical history
on any patient who hag ever been admitted to any
hospital on the network.

These factors add up to fuller utilization of hos-
pital facilities, and to an increase in professional
time available for patient care." 2

2. "This is MEDINET", pamphlet published by General Electric, Watertown,
Massachusetts.
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Although the tasks to be performed in education are different
from those in hospitals, the processes are very much the same.
Wallace Feurzeig has listed 20 questions which might be raised in
a school system in a day for which the computer could give the
answer. Some of the questions Feurzeig raises are as follows:

"1, How many elementary students live in the region
bounded by Clover Street, Random Road, and the
city line?

o, Bus 6 is stalled. Which students ride it?
Notify their homeroom teachers and tentatively
change their attendance records.

3. Three rooms are needed next Wednesday for the
regional debating contest. Which rooms will
be available at what hours?

Ik, Which students are taking Honors English?

5, Did you prepare, verify, and transmit to the
state board of education the information due
next month for the annual statistical survey?

6. Which substitutes are available this morning?
Which of these have worked the fewest number of
days this year?

7. What is tie geographic distribution of colleges
attended by our graduates?

8. The language labs arc not being fully utilized.
Ts it possible to reschedule just the French
classes so each student would have two classes
in the lab room?" 3

Thus, the computer could assist administrators to meke wise and
just decisions based upon appropriate information.

9, Research

One of the most serious educational problems has been the dif-
ficulty of performing needed and useful research. A part of the
problem has been the inability to gather and summarize great magses
of data which are neeessary in order to do meaningful education re-
search, A quality of the computer is its ability to store, identify
and summarize data making it possible to conduct and report very much
more meaningful educatbional research.

3., Wallace Feurzelg, "few Bducational Potentials of Information Techno-
logy", unpubliched manuscript, July 1966, p.b.
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Teacher Education

Teacher education has a twofold role to perform which is unique
to the preparation of a practitioner in education. The first is to
provide the prospective teacher with the knowledge, skills, and
experiences which enable him to become an acceptable practitioner.

A related but somewhat different problem is to help the practitioner
learn to utilize appropriate devices and materials as a part of his
own teaching. It should be determined how the computer might be
used to present necessary content from the field of teacher educa-
tion and also to help prospective teachers to understand the use

of the computer both directly and with the students that he will
eventually be teaching. It is proposed that one of the best ways
of fulfilling the second objective is to have the prospective tea-
cher make use of the technology as a part of his own preparation so
that he in turn may understand the significance of that technology
when he uses it with his own students.

1. Case Studies (Socratic Syst. )

The case study approach used in colleges of business admini-
stration, legal education, and medical education seem particularly
applicable to the field of teacher education. It would appear
that case studies being developed in medical education, for example,
could serve as models for development of case studies in teacher
education. The teacher often performs as a clinician similar to the
physician in the gathering of pertinent information to meke a diag-
nosis followed by a prescription. A wide range of case studies
could be programed all the way from normal or average students to
all types of students with various kinds of deviating behavior.

Case studies emphasize inductive rather than deductive reagoning
which has been the traditional approach of teacher education and
of teachers in schools. Some specialists believe that a major
weakness in teaching and in education has been the almost complete
reliance upon the deductive rather than the inductive approach.
The use of case studies would be one way of foreing the inductive
approach.

2. Student Programing

Tn addition to case studies utilizing the Socratic approach
it would be desirable to develop teacher education programs in
which the parameters f cerbain kinds of educational and learning
problems could be determined, yet provide the neophyte teacher with
the opportunity of interacting with the computer in the golution of
the problem. It would be hoped that teacher education could become
a highly creative and individualistic process as a result of tne
students being provided with many opportunities to interact with a
wide variety of problem situations presented by the computer.
Students preparing to teach should be required to undergo many gsuch
experiences in order that they could develop creative and innovative
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approaches to the solution of learning problems of their students.
3. Systems Developments

Familiarity with the use of computers will require prospective
teachers to become acquainted with the concept of instructional ]
systems. In the past very little attention has been given to helping %
the prospective teachers to conceptualize instructional processes, i
identify relevant elements that makeup instructional situations and
then plan and execute in order that learning might take place. The
use of the computer will compel all who work in teacher education
to give attention to the total educational system and then to become
familiar with the ways of breaking down the total system into its
various parts or sub-systems. Such activities will also require
increased attention by given to objectives and purposes stated in
behavioral terms in teacher education.

4, Simulation

Computers will make possible a number of types of simulation
procedures. It will be possible, for example, to model a class- |
room situtation and, depending upon the decisions which a prospective I
teacher makes, to present the likely results of her decision. If, |
for example, one is attempting to help the teacher to understand
the pupil control problem it will be possible to present a discipli-
nary situation in which the prospective teacher is required to take
certain kinds of actions. Depending upon the action .2 takes,
whether it is to restrain the students, overlook their misbehavior,
or try to make certain kinds of positive suggestions, the computer
can display subsequent situations which will likely occur as &
result of the decision. Use of the computer for simulation will
enable the prospective teacher to have a great deal of practice in
solving situations where she can make mistakes but where there will
not be serious implications since the "students" are not real. The
prospective teacher should have sufficient simulated practice so
that when she begins to work with a live student she will intultively
arrive at workable decisions in much the same way as the physician
does when he reviews a body of information and diagnoses what ails a
patient.

5, Teacher Placement

Tt has never been possible to gather the data necessary to make
careful judgments about the seleetion and assignment of new teachers,
Tt will be pocsible to have on the computer all types of personal and
professional. date about progpeetive teachers along with test and other
evaluation date which come from case studies, simulation work, and
other teacher preparation activities. ALl such information summarized
and made available to prospective employers will make it possible o
identify in a much more effective manner the appointment of teachers
with the needed eompetencies in order to serve successfully in eertain
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teaching assignments. The computer could identify and summarilze
all kinds of pertinent information upon the request of an employing
offlcial.

6. In-service Training

One grave problem in all professional fields today is how
practitioners are to be kept up-to-date in terms of new content,
methods and practices. Teachers are not exceptions to this rule
and the additional problem is that there are more teachers than
there are practitioners in any other professional field. The
massiveness of the in-service task would tax all of the ways and
avenues of meeting this particular problem. It has been demon-
strated that the computer can provide in-service training for
teachers by presenting content in the very same way in which it
is presented to the students. Because of the likely interconnec-
tions of all of the school systems within a state and the probable
interconnections among the states it will be possible for teachers
to carry-on in-service work within their own homes via the computer.

T. Research on Teacher Training and Selection

If research has been lacking at the elementary and secondary
levels it is absent to even a greater degree at the higher educa-
tion level, including teacher education. Very little evidence is
available as to what kinds of individuals meke the best teachers,
the types of preparation which lead to the best kinds of practitione
ers, the various levels at which experiences should be given, how
academic and content areas should be interwoven and how much prac-
tical experilence is necessary. By monitoring and collecting large
masses of data about students and the preparation programs in which
they engage, it should be possible to begin to meke decisions based
upon facts and information.

Some Concerns

Technological developments are neutral in terms of whether
their impsesct upon the human being is good or bad. The computer may
have ill effect or a good effect, depending upon the uses which
are made of it. It takes deliberate planning in order to assure
the most favorable human results. In the section which follows a
number of concerns are raised about the computer and whether it will
ke used to serve needs or whether human needs will give way to
serving the computer.

l. Human BElements.

Every technological development has the possibility of dehumanize
iug the learning process. There appears to be g particular danger in
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the case of computers, however, that they might be used in such a

way as to minimize human developments and interactions. Some persons, 5
such as McIuhan might argue that the world is different as a result |
of technological developments and it is the educator's responsibility |
to be alert to the new kind of world and to learn to fit it. Others !
would argue that it is a different kind of world but that we must |
find the ways of making technology meet and serve human needs.

There are many questions which arise as one observes children
working on computer terminals at the present time. For example,
does it make good sense for the computer to reply back to John, a
student, when he begins working on a program. "Hi, John. How are
you today?" Does the child come to associate some human quality
with a computer which greets him in such a fashion? The writer
observed children actually raising their hand in greeting to the
computer terminal when it printed, "Hi." How human is it for a
cathode ray display screen to show a cartoon of a smiling face when
8 correct response is made? The isolation which many computer termi-
nals require of the student may reinforce and develop even further
the kind of alienation which is so characteristic of young people
today. There is a question, therefore, as to whether the computer
with all of its humanlike capabilities may develop a generation of
children to perform as robots.

2. Invasion of Privacy

Several references have been made to the fact that the computer |
is able to remember and recall everything which an individual has !
done. There are a number of problems which grow out of the ability
of the computer to recapitulate all kinds of information. TFor |
example, should it be remembered for all time and known to everyone |
who might ask the computer that there was a major or minor trans-
gression on the part of an individual? Our society has generally
operated on the assumption that one is Jjudged on the basis of hig
present performance and behavior, and not upon gome inecident or
group of incidents which may have occurred some time ago. Teachers,
counselors, and employing officials might act quite differently
toward individuals if they knew every improper act of an individual.

There ig evidence that an individual is likely to behave in the way
in which he is expected to behave. If the student's past were an
open book available for anyone to see and examine, what others expect
of him, and thus his own expectabions might be altered for the worse.

Becauge of the memory of the computer and the possible inter-
change of all kinds of information among govermment, business,
gquaci-governmental, or public bodies very different decisions might
be made about people in the fubure than have been made in the past.
The possibility of "big uncle" always looking over one's shoulder
whether it be the F,B.I,., the tax collector or the school counselor
eould produce a very different society.
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3. Interface

It is evident that the interface (the displiy media and con-
trols with which the student is in direct contact) has been deter-
mined up until the present time by the capabilities of the tech~
nology and not the needs of the human beings. Unless there ‘s
mich more active participation by teachers, counselors, and psycho-
logists in the design of the technology, it will continue to reflect
the requiremenvus considered desirable by engineers, It is question-
able, fo.~ example, that a typewriter terminal is the best interface
mechanism for a six year old child.

There are at least three elements of the interface problem
which need attention: the stimulus, the response, and the feed-
back mechanism., Because so very much of human interaction ic oral
or written language, the relationship of the human being to the
computer is not likely to be a meaningful and satisfying one until
it 1s possible to utilize both written and spoken language for all
three purposes of stimulug, response and feedback. Audio capabili-
ties seem particularly important at the present time since the
spoken word has a warmth and intimacy which the printed word does
not. All children, but particularly those who come from various
kinds of disadvantaged backgrounds, are likely to require oral
dialogue.

If the computer is to fulfill. the expectations for it, it
will be necessary to perfect a much larger number of gstimuli and
response possibilities than is the case at the present time, There
is need for the development of graphic displays to be drawn by the
student and in turn reproduced by the computer along with many kinds
of manipuletive possibilities. The computer seems to offer & wide
choice of alternative presentations, but there is danger, since it
is simpler to have a narrow range of stimulus and response possi-
bilities that engineers will not develop other modes.,

L, Individual or Group

In the past most formal education hag taken place in a group
situation, The computer now makes it posgible to move toward a
completely individualized kind of education. A possible danger ic
that a completely individualized approach to education will be
encorrgrc ,not recognizing that many deeisions in our goeiety are
now small group deeisiong. Decigions varying all the way from
corporate ones made by a board of direetors to deeisions that are
made by a nelghborhood or eonmunity group are arrived at through
group interactions. Therefore, it would geem egsential that con-
sistent attention be given to the development of dicpleay mechonioms
whieh provide for group aectivities along with opportunitics for
individual development.

5. Who is To Produce and Distribute?
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It is unlikely that classroom teachers or school systems will
be capable of preparing computer programs anymore than they have
been able to write textbooks in the past. One of the great voids
at the present time in computer assisted instruction is the lack
of software. A basic question, therefore, is who will write,
produce and distribute the materials and how will the costs be met?
Will the Federal Government assist by contracting with local school
systems or will programs be prepared under federal contract by
private companies? Where will the expertise be found for the pro-
duction of program? In the business and military fields new types
of specialists developed who became sophisticated in the area of
computers., In education we seem to lack individuals who are pre-
pared to fulfill such newer roles. A basic question, therefore,
is whether the programs will be produced by outside agencies which
might not be in close contact with education and unaware of educa-
tional needs, or will they be developed by the educators with some
outside assistance, but with a mechanism for the exchange of com-
puter programs,

6. Systems

It seems evident that the systems approach has had a salutory
effect upon the development of instructional programs and materials,
There is a question, however, as to whether a rigid instructional
system best serves the needs of students and teachers., Therefore, it
will be necessary to continue to conduct careful evaluations and
research of developing instructional systems in order to determine
whether they can be developed and implemented successfully.

As instructional systems are developed it will be necessary to
discover also what subjects, what grade levels and what kinds of
learners seem to profit most from computer assisted instruction. At
the present time there seems to be limited evidence as to exactly
where and how the best applications of the computer can be made to
instruction. Some educators believe that the best applications will
be at the pre-school level, while others suggest that the most faror-
able applications will be at the collegﬁand/or adult levels., It may
be that computer assisted instruction will be found to be applicable
at all levels with ail kinds of learners in 21l content areas, but
much greater research needs to be conducted before decisions are
made iuvolving such large scale implications.

7. Computer Language Problems

A great deal of progress is being made in the development of
various kinds of computer larguages which facilitate communication
with the computer. The traditional computer languages of Cobol and
Fortran were developed for scientists and engineers and thus are
most applicable to content in those fields. Thoroughly satisfactory
answers to the problem will not be obtained until it is possible for
an individual to communicate with the computer in his own natural

%
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language. The danger is that a decision might be made to settle
for something less than natural language. Decisions on this matter
must not be made by the manufacturers of the equipment or the
engineers who service it, but rather by the users of it.

Opportunities

Use of the computer in education will enable us to solve a wide
range of problems which currently are difficult or impossible to
solve, Although the technology is not now available to help us do
some of the things which are discussed in the following section, it

is obvious that only time stands in the way of the necessary inven-
tions.

1. To Project and Validate New Teaching and Counseling Models

The most distressing aspect about the use of computers in edu-
cation at the present time is the inability of the computer to pro-
ject new models of teaching, of counseling, or of organizing educa-
tion and to determine the effectiveness and efficiency of such new
models. Almost without exception all of the computer applications
at the present time utilize extant models of teaching, counseling,
or administering. It makes no difference whether one is considering
the development of mathematics programs by Suppes, the counseling
programs by the System Development Corporation or case studies used
by the Harvard School of Business, they are each based upon what is
considered to be the best approaches of expert teachers.

One of the reasons why this is so particularly upsetting and
galling to the writer is that schools and teacher education insti-
tutions have been under severe criticism for not developi=ng more
effective and efficient educational models. It is interesting,
therefore, to see persons coming from outside the field of educa-
tion who have frequently been critical of education but who are
unable themselves to project, try out and validate new teaching

models. Instead they fall back on the exact same models which have
been considered obsolete.

An area of very great promise, therefore, is to use the computer
to project entirely new educational models of one kind or another.
These new models would be projected by th.. computer as it examined
traditional models and analyzed results in such a way that it would
project better solutions to the problems. Among the solutions which
it might help us to stimulate and develop would be the role of the
human teacher in schools of the future. What is the best use of
human resources? 1Is it the giving of information and other routine
tasks which have been generally performed by the professional in
schools, or will it be as a counselor and guide to the individual
student? Are there, in fact, totally new and different kinds of
roles which the professional teacher should perform which have not
even been identified or explored at the present time.
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2, To Gain Insights into Learners

There has been a great deal of discussion of such problems as
cognitive styles on the part of learners. Are there such styles,
and are they the result of heredity or environment? Is it possible
to make up for certain deficiencies of a learner through various
kinds of educational experiences? It would be hoped, that the
computer can be used to give us a great deal of information about
human abilities and capacities and the extent to which they can be
developed by appropriate kinde of experiences.

3. The Study of Learning

There has been a good deal of discussion of whether or not
each content or discipline field has its own basic structure and
whether there are unique ways in which this structure and content
can be communicated to the learner. We know little about making
scope and sequence decisions in a subject matter field. Suppes
has pointed out that even in mathematics where it would seem that
scope and sequence is a fairly clear-cut matter it is not yet
known whether a problem in division such as 2 divided by 2 is a
simpler operation than 4 divided by 2. Furthermore, we do not
know whether certain kinds of operations have to be mastered at
certain ages or grade levels, or whether they are picked up some-
how without formal instruction and applied at a later age. Some
of the work underway at the present time will help to answer ques-
tions about the learning of content including the ways, the means,
and the timing of the teaching.

4, The Matter of Individualization

The present movement in education is toward complete individuali-
vation. Whether individualization is necessary or even desirable is
a question to which we do not have the answer at the present time
because we have never had the means of really individualizing teaching.
Cronbach has raised a question as to whether or not individualization
is an attainable goal and even if it is, whether it is efficient and
economical to attain it. It should become possible, as a result of
information collected and summarized by the computer to determine how
mich of the school program should be group instruction and how much
should be individual.

5. New Learning Experiences

We have only begun to utilize such new teaching techniques such
as simulation, the Socratic method and gaming procedures. These new
experiences would seem to be both highly motivating as well ."s stim~-
ulating learning procedures. The faet is, however, that we have
1imited evidence at the present time that some of these newer approach-
es are more efficient and effective in terms of learning than some of
the older but more direct ways of teaching. Because a computer makes
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possible a valid tryout of such methods, it should be possible

for us to determine whether such learning innovations are desirable
and if so, at what points, with what kinds of content, and with what
kinds of learners.

13
% 6. Network Interconnections

% One of the ways in which the use of computers can become feasible
' economically is through various sharing schemes. An example of what
can be done within a state is Project Update in the State of Iowa.
Project Update provides for each school system to be tied in with a
unit at a regional level in the state which in turn has certain inter-
connections with a central laboratory in Iowa. In the field of medical
education there is a national system operating for the interchange of
various kinds of documents and information among the medical colleges.
Several attempts to do something similar in the field of higher
education have been made through an organization cglled EDUCOM, With-
in the next several years it shoutd be possible for schools within

a state to obtain pertinent data and information from their State
Department of Education, from universities and colleges or from other
sources which might have answers to questions. In addition to re-
gional and national interconnections, there is reason to believe

that satellite transmission will be a reality before too 1mmg, and
certain of the channels on the satellites likely will be reserved

for educational purposes making it possible for computers to talk

to computers as well as to humans in different parts of the United
States as well as in different parts of the world.

7. Research

Fducational research will loom large in the future because
momentum from increased computer use will result in great amounts
of data to be collected locally and from school systems across the
country. Because these systems will be interconnected it will be
possible to gain all kinds of answers to questions which are simply
unanswerable at the present time,

Corniclusions

Tt is evident that many of the things for which computers
are being used at the present time can be done in alternate ways
at very much lesser costs. It would be hoped, therefore, that insti-
tutions and industries will continue to demonstrate the feasgibility
and practicability of solving many current instructional problems
through procedures and devices which are much less costly than the.
use of computers. It is recognized that much of the research now
underway must begin at the level at which it is now operating in
order to move to more complex and sophisticated levels. It would
be hoped that the Federal Government would not support new projects
which simply replicate what is now going on, or replicate what gocd
teachers with minimum investments in materials and equipment are
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now doing, but explore new areas and uses of the computer in educa-
tion.

Tt is desirable to continue to enable visitors to visit computer
getivities now serving as demonstration centers. The purpose should
not be to demonstrate that the centers as they are now operating
have solved the major educational problems. The purpose of the
demonstration centers should be to familiarize educators with the
problems that are faced by such operations and to suggest better
ways of solving the problems. Tt would be hoped that those who
visit demonstration centers wonld return to their home situations
to develop and create new kinds of operations which will move us
shead of where we are at the present time.

There is continuing need for large sums of money to be invesved
in research activities of a wide range of computer activities in
education. Only by moving through fairly elementary and simple stages
will it be possible to move to much more complex and sophisticated
kinds of studies. There will be many false starts and some failures,
but such unproductive efforts should not deter the Federal Government
and foundations from making continuing major investments in discover-
ing and perfecting the highest levels of use of computers in education.,



C. R. Carpenter is one of the elder statesmen in the behavioral
sciences and in the application of technology to education. Only
his fantastic schedule, matched by his broad ranging interests and
capacity, belie the adjective "elder". Dr. Carpenter, in applying
his wisdom to the future of CAIL, offers perspective needed by this
fast growing field. It is based on educational, psycholcgical,

and technological considerations and includes the hardware-software
disparity, and CAI in research and classroom use as well as in
library and counseling functions. His paper considers the position
of the computer in educational technology and in the educational
system as a whole, and derives potential applications and problems
therefrom. His views point directly to some of the decisions that
must be made in the near future and tc others implicit in the ex-

tended future of education as it will be effected by the new
technology.

COMPUTER REGULATED LEARNING:
OBSRVATIONS AND SUGGESTIONS

C. R. Carpenter

My interest in computer arrangements for providing conditions
favorable in learning extends from the early 1950's to the present.
The first engagement was in planning and constructing a prototype model
of a classroom communicator for providing conditions theoretically
favoreb e for complex learning. The prototype had banks of relays
which processed limited information from student responses to stimulus
materials presented by films. The communicator made the results quick-
ly available to groups of forty students and the instructor through a
control console. Computers were not available at that time for appli-
cation to the learning behavior of individuals in groups.

Efforts were made later to design and construct response systems
ineluding "feedback" to the instructor and students in college courses
that were taught over closed circuit television systems. Practical
arrangements were developed for both the instructor and the students,
who were distributed in up to fourteen classrooms, for initiating
questions and answers. These efforts led to attempts to develop and
produce courses of instruction in English and algebra using linear pro-
gramming techniques with controlled step-by-step pacing for presentation
of stimulus materials to groups. In this work the needs became evident
for the very high speed acceptance and processing of large amounts of
digital information. The requirements for computers became clear both
for research and the administration of programmed instructional materi-
als, and especially for providing rapid "feedback" and "knowledge of
the results" of efforts to learn by students.
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During the early 1960's, intensive explorations were undertaken,
furthermore, into the area of designing a unique experimental college
within the Pennsylvania State University. The core equipment of the
experimental college was to be a computer linked with networks of in-
formation for and about students. After general plans had been devel-
oped, neither the computer firm (IBM) nor the University was prepared
to make the financial nor program committments that were required to
put the plans into effect.

A nationwide feasibility and operational planning project was con-
dueted in 1962 with the purpose being to establish regional educational
research centers. The planned emphasis was on media of instruction in-
cluding computers. During this feasibility study, advanced thinkers in
the field were asked to prepare statements of their judgments about
the needs for broadened and sustained research on learning, and about
major approached and problems for research on instructional problems.
The computer as a means of processing data was generally assumed and
accepted, but the computer was only rarely thought of, at that time,
as z component of a large family of media and materials for regulating
and sssisting learners to learn. In their statement, Richard C. Atkin-
son and Patrick Suppes of Stanford University, included the following
summary statement:

"We propose that a research laboratory be estab-
1ished for the quantitative study of higher learning
processes. In recent years advances in learning theory
have indicated the feasibility of developing mathemati-
cal models of the teaching process. In terms of such
models one cen derive in an exact fashion schedules and
methods for presenting instructional materials that
optimize the efficiency of the learning process. The
major focus of the laboratory would be to investigate
the increased efficiency in learning that can be ob-
tained by specifying optimal instructional programs
for individual students. At the present time, there
are a number of general ildeas we congider both signifi-
cant and practical to ilnvesigate within this general
framevork. They are as follows: <the learning of ele~
mentary mathematical concepts Ty occhool-age children;
research on problems involved in teaching students how
to do mathematical proofs; research on the acquisition
of reading skills in young children; and the acquisition
of a second language. In order to conduct research on
optimal programming methods, it would be necessary to
construet a computer-based clascroom faclility that would
give the experimenter high-gcpeed flexibility in sched=~
uling auditory and visual information and in recording
responses and latencies for individual subjects."

One of the proposed centers was to be focused on the development
of computer based regulation of learning.
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It was against this backgrcund of only peripheral involvements in
development of computer applications as such for instruction that I
accepted the opportunities offered by the U, S. 0. E. - George Wash-

ington University to make further observations on computer regulated
instruction.

I am not a computer expert nor am I deeply involved in computer
technology. It should be possible, therefore, for me to make some ob-

servations and suggestlons with considerasble objectivity even though
they will be made with less than complete information and knowledge.

The problem of this report is to observe actual developments of
uses of computers of various kinds in gttempts to provide conditions
faverable for complex learning, to make judgments sbout potential uses
which might best be served by computers, and to make some critically
but constructive statements which may be helpful to those who plan and

support future developments in the area of computer regulated instruct-
ion.

My background, interests and responsibilities operate to orient
and select information that is related to human learning generally and
to academic learning especially, and not to the solution of practical
school problems. There is always and everywhere the problems of the
logistics, strategies and tactics of education. There is the persist-
ant challenge for securing, organizing and directing the resources of
the materials and people needed by expanding educational enterprises

both formal and informal, public and private, governmental and indust-
rial.

The further intent of this report _.s restrictive: I do not pro-
pose to attempt to deal with the technical details of computers nor do
I intend to review once again the standard operations and uses of come
puters, nor to cover topics already adequately treated in this revort.

The concept of systems of equipment and instrumentation consisting
of elements and components that are used together in a purposeful man-
ner to serve clusters of related functions has become a central concept
in the instructional media field. ©Specific gpplications of general
gystems theory are proving to be most helpful in solving complex pro-
blems of strategies of education. TFor some of uc it has become illogi=-
cal to attempt to solve educational strategy problems in terms of one
medium such as, for example, the film, or television, or teaching
machines, or language laboratories, even though some media gpproach the
state of being systems. The cgystems view of media would hold that the
digital computer, with what ever performance characteristics, ic yet
another important component of a larger assemblage of instrumentation
needed to implementing conditions that are favorable for learning.

By eontrast, the views aud opinions are rejected of involved enthu-
J
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siasts and the sales arguments of the computer educational industries
which hold that the computer alone will solve central problems of edu-
cation. The computer will be linked, I will argue, with other compat-
ible media and modes of communication which compose an integral family
of instrumentation. This family may then be used to provide varied,
cohesive and effective stimulus-response conditiongs for human learning.

It would appear that the computer component of the family of
instructional instrumentation would serve most appropriastely and effi-
ciently the functions of timing, phasing, and patterning the exposures
and displaye of instructional stimulation. The computer components,
elso, may provide what is often lacking in mediated instruction, namely,
+ pid and precisely timed reinforcement of learning, when responses are
correct, or extinction when incorrect responses are made.

Tn the recent past, various media have been promoted as the single
great solution to critical educational problems. The proposals and the
cotimates of results have usually been made by people with strong
vested interests, or by educators who are over enthusiastic and hopeful.

There are those who would propose that the computer will provide
the answer to the central educational problems of today. It can be
used, for example, for adapting instruction to meet the idealized re+r
quirements for individualized instruction., The past history of media
recearch and the observations made during the George Washington Uni-
versity's Flying Seminar support the view that the computer surely
provides an important new component which principally serves regulatory
fenctions of instruction. The computer is not, I would argue, the
monolithic solution to the main problems of education. A question is:
What is the correct role of the computer?

The exprescion computer regulated learning is proposed as an
alternative expression to "computer assisted instruction" of "computer
baced instruction.” The main computer functions appear to be regu-
latory. The ranges of timing, phasing, and switching possibilities
made actual by computers may be one set of performances of magjor
importance in arranging for the most favorable conditions for learning.

The bages for learning are many and not single; the learner, the
stimulus conditions, the content, the media and modes of stimulus in-
formation, and pervasively, the phasing of events in the learning en~
vironment .

To defire the compuber as a regulatory component of a hypothetical
gystem for solviag multiphasic complex educational problems is not to
depricate its importanece as a component of instrument systems. The
proposal is that the place and role, the functional definition, be real-
igbically and honestly specified for the computer just as this is
necessary for other components of the family of media of the education-
ol technological system.
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A1l reports and observations during the flying seminar on computers,
reinforced or confirmed my conviction about the great imbalance or
disparity between equipment development and program development.

The egquipment program imbalsnce is examplified by the pertaining
situations in the Palo Alto-Stanford area. There are two International
Buginess Machine installations and one Badio Corporation of America
computer installation available to the research and development pro-
jects now being directed by Professor Patrick Suppes. The equipment

is most specialized and highly developed at the Brentwood School in=-
stallation. The latest advanced type of computer, the IBM 360 series,
is availsble on a shared time basis on the campus at Stanford. On
University Aveanue, RCA has made avallable another installation.

Apparently the development of instructional programs even on
the "drill and practice" level of operatior in the content area of logic
and mathematics is very slow and difficult work. It seems, also that
staffing of programming development efforts has not been brought in
balance with the very large available equipment capabilities. This
imbalance seems to be a general case, fcr much the same condition pre-
vails at the System Development Corporation, Santa Monica, California,
and perhaps elsewhere,

What is needed, I propose, is an adequate ctrategy of nationwide
scope for establishing and maintaining bhalanced efforts for instruction=-
al program development and for equipment development, The dimensions
of the national needs and demands for programs might be ascertained
and charted as a first step in the proposed broad strategy. Further-
more, this problem is general with educational and instructional media
and need for computer "software” is only one special case. These
ascessments should include analysis of needs for programs for other
display media such as films, tapes, radio, television, carrells, and
display-regulatory machines. Here, once again, the need is evident to de-
velop perspectives which include a range of instructional slternatives
of both equipment and program instructional materials. Designing pat-
terns of these around interrelated or interactional functions and im-
portant educational needs would seem to be a challenging first order
of business.

This done, then selections of patterns of media, modes of communi-
cation and implementing equipment could proceed relative to the re-
quirements of defined instructional training tasks and sltuations.

Although the logic here proposed is sound and actually widely
accepted, nevertheless the terminal equipment problem needs continuing
emphasis., The problem of composing assemblies of display-response
equipment relative to a specific instructional learning task requirement
is usually solved in an ad hoc manner without generalizable logic.

The learning cycle (or spiral) is one possible frame of reference |
or model for judging what phases of the cycle chould have the benefit
of computer functions and what phases of the cyecle should be served
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by other media. The Responsive Environment Method uses souud tape

and sound signals for switching functions. Here the typewriter (and
print) is the supplemented mechanism. Even though sound tape has
proven to be most useful, and serves functions of switching (as exam~
plified by the EDEX equipment of Dage-Ramheon) similar to computers, its
use remains rather limited.

The work on computer regulated instruction at The Pennsylvania
State University uses a slide projector and sound tape reproducer at
the terminal which provide modes for information to supplement the
typewriter. Motion picture cartridges could be included also in ter-
minal assemkliz-.

All of these suggestions and possibilities relate to the display
funetions associated with stimulus materials, Display functions merge
with the covert perceptual-cognitive-selective functions of the learning
cycle which intervene prior to the overt responsive phase. Immediately
following the response phase and resulting possible "inputs" of infor-
mation, the functions of the computer may be used to provide "feedback"
o the learner. Thus, the assessment of correctness or inccrrectness
of trial learning responses can be appropriately timed and compared,
and used in the next reiterative learning cycle. Simultaneously, infor-
mation sbout the performance of individuals can be collected and stored
for various uses.

To generalize, it now is clear that computers can regulate the
timing, duration and kind of displays of stimuluc materials for learning.
The computer can accept data on trial learning responses, and assist the
learner in their assessment, The progression can then be routed over
alternative pathways depending on the developing competencies of the
learner ("branching"). Records can be kept of all relevant operations
and uced as a basis for regulative control.

Two crucial questions are raised: 1. Ior what functions are
computers essential or for what functions can other means be used with
equal or better quality of effect and with economic advantage? 2. Is
it necessary for computers through their remote on-line terminals always
to serve only individval learners?

There are functions, both general and specific, which computers
may serve with apparent advantage. TFor this diccussion the questlons
of uniquenesc and necessity of the computer are waived for the present.

Computers may be used in the research and development work of
preparing ond testing instruetional materials., In the emcrging cme
plrical methods preducing and testing ingtruetional materials for a
wife ronge of kinds of media, cubjeet content areas nnd learners,
computers may be used advantageously.

The empirieal method requires that instructional units, steps, and
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sequences be prepared and tested with samples of target populations
of learners. The work of preparing trial versions of instructional
units includes the steps of testing them on samples of subjects, of
collecting and analyzing results, of revision and redrafting the mate-
rizls, and then repeating the cycle if the results are substandard.
The empirical method can be applied so that standards of performances
of instructional materials can be assured and predicted. For this

work the required functions may well be served by general and special
purpose computers.

The general concept here proposed ig that the computer be used
in the developmental work on instructional materisc .3 to achieve
demonstrable quality as judged by student performs. :5., Afterwards,
the materials can be carried and distributed by media other than
those that are bound to the computer, Test and meagsurement work can
continue by both on-line connections with a computer and by other
means of trensmission. Also, when the instructional materials need
revisions and improvements or adaptations, the computer may agein be
brought into vlay in the same manner as during original production.
This use would minimize demands on computer copapilities. It would
Jead to materials of quality that can be distributed end made access-
ible to learners more vividly, effectively, and econcmically by med.ia
other than the computer. It seems probsble that as insbtruetional pro-
duction centers and modules are created throughout the country, com-
puter facilities and services will be necessary for them.

Tt ic well established that teaching-learning-testing are intercon=-
nected sets of processes. The words could be changed to stimulus mate-
rial-display-response-assessment and "paedback". Now then, as demands
on educational cystems and institutions increase, instead of developing
the full sets of conditions known to be necessary for acodemic learning,
mony ascessment testing functions are being eliminated. The testlng
operations are omitted or reduced. The computer could oid with the
testing requirements if proper terminals ond student responce-imput
sbabions could be developed and used. Punched ecards ond mork-sencing
interfaces which ere integral with computers and are now availeble
could be uged advantageously and extensively.

A problem of bagic importance i¢ that of providing for the optimum
timing of information sbout a ctudent's performances after the responses
ore made, either as a trial response for learning or ac o tegt response
Por the acgescment of achlevement, The computer ean aid in the theo-
retical and practicanl solutions of optimum timing of feedback to the
learners. A teaching~testing auditorium or large elaseroom perhaps
ceating up to five hundred students with recponders provided for each
sbudent. and thosge in turn conneeted with o cpeelal purposce computer
would provide o needed meens for both providing improved conditlens for
lecrning ond for ropid, effective integral tecting of lorge numbers of
sbudento.  Coneceivebly every cechool, eollege, and univercity in the
nobion eould have the teehnology for direet or interfoced inputs to
computers to cerve the escalating demands for more and better teoting
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programs.

Classes grow larger in spite of the ubiquitous emphasis (especial-
ly when computer regulated learning technologies are employed) on indi-
vidualized instructions, branching in patterns of content alternatives,
and individualized rates and progression. Enrollments in basic college
courses require multi-section scheduling. Often different sections
are taught, and student achievement evaluated, by different teachers.
There is a clearly evident need for new technologies for instructing
and managing large classes and the multi-section courses. The special
purpose computer with a capacity for large numbers of inputs from
student response stations will surely have a place in this new tech-
nology. As more and more buildings like the Forum Building at Pennsyl-
vania State University are built, the fairly well developed technologies
for displaying information will need to be supplemented by pre-program-
med display regulators, student responders, and other classroom event
sensors. Provisions will be needed for processing, storing, and com-
paring information. This is cne area where developments in equipment
are urgently needed before computers can be applied to the problem.

Another major use for computers is becoming evident as the uses
of various kinds of telecommunications increase and as there is the
reglization that active responses and "knowledge-of-results” of
learning efforts are advantageous for learning. In addition, the growth
of demands that mediated instructional programs be evaluated will in-
crease the demands for appropriate instrumentation. Television and
radio programs that can be designed and produced ray employ punched card
and integral sound or side-band signals to reinforce learning from pro=-
grams recelved over television receivers in homes. The cards can be
mailed to administrative centers and processed by standard sorters.,

Computer linkages may be developed with closed-circuit instruction=-
sl television in institutions or in public school systems. There would
seem to be promising possibilities for developing computer regulation
of carrel and language laboratory instructional programs.

Perhaps no other area of computer uses has been so extensively
discussed as that of applications to library functions. Generally it
seems that progress has been disappointingly slow. When consideration
is not limited to computer regulated instruction but made inclusive
of other media of instruction, then an important computer use could be
the search of files and finding of units of materials that are needed
in instructional programs. Existing films, video tape programs, glides,
transparencies, and photographs as well as print materials could be
appropriately fitted into programs of instruction. Libraries of in-
structional resource materials could be assempled and catalogued for
computer search and finding of specific needed materials.

The vast amounts of existing instructional meterials, especially
in forms other than print, can only be made actually available after
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collection, clearing of rights, cataloguing, and the use of computer
search and retrieval capabilities.

The uses of the computer for assisting in counseling was described
to members of the Project. The equipment and programming possibilities
seem to ve clear. Computers make it possible to store in accumulating
files vast amounts of information as it is collected on the character-
istics of individual students and theilr scholastic achievements and
inadequacies. The uses of computers for these purposes were built into
the plans for Florida Atlantic University and for the computer based
experimental school that was alluded to earlier in this report.

A barrier to this development appears to be that of acceptance
of computer hased counseling, The objections that are raised are
those of the possible breach of privacy and confidence, and the belief
that counseling information should be given to students personally.
As is the case with medical records, there are some counseling problems
that require personal interactions of students with counselors. There
are other areas, however, where perhaps with limited training students
can advantageously query the computer for information about himself
without the intervention of a counselor. For students the selection
of courses, the charting of career plans should depend more than is
currently the case on objectively assessed abilities, skills and com=
petencies. When information about this is collected, assessed and
interpreted it would seem entirely desirable to provide for direct
student access,

Information about Jjobs and positions and their requirements can be
stored in computers. Furthermore, the characteristics of students and
their strengths and weaknesses can be compared using computers with the
performance requirements of jobs, roles and professions. It is possible
that the impersonality of the computer information system may be an
advantage for some kinds of counseling over the personal interview;
students may have less reslstance to making inquiries of computer termi-
nals than to arranging interviews with counselors and teachers.

The final section of this report deals with some criticisms of com=
puter developments and the retarded developments of some phases of the
enterprise.

From the point of view of computer regulated learning the terminal
is of first importance. Educational developments especially during the
last two decades have stressed the introduction of many kinds of medila
and modes in addition to print for stimulating learning. The computer
typewriter terminal reverts to print as the principal medium of instruc-
tion. The arrangement where sound tape accompanies the typewriter is
an interesting exception. The various graphic display screens now
being developed and that are under computer control are essentially
electronic writing and line display on tubes or other surfaces. The
modes of display are rather limited. The light pencil is not an
instrument with which writing can be done., The pencil is miss~nsmed,
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In reality it is a selection pointer for identification responses and
a selector for an item from sets of items and in objective tests.

These criticisms can be met in part by other media being linked
into the computer terminal. Sound and video tape machines, cartridges,
slides in color, motion picture projectors and transparencies, all
these can be connected with or be parts of terminals and their opera-
tions regulated by computers. By providing increased and varied modes
of information the aesthetics of the otherwise rather sterile terminals
may be improved. The improved stimulus values of displays may be made
more interesting and this, in turn, may increase the strength of the
motivation of students to learn.

Generally, individuals are isolated in or at terminals. The
carrels are isolation booths, used to eliminate interference, to con-
trol noise and to accentuate the individualism of computer learning.
The development of pluri-individual terminals has been neglected
even though much learning occurs normally in social~-personal-inter-
actional situations. Pairs of individuals using single sets of pro-
grammed study units have been found to increase acceptance of some-
what dull programmed instruction. Particularly in language instruction
that is computer regulated, two people might converse and interact with
each other as with the stimulus materials. The two-man language and
learning booths have not yet been developed for testing requirements
of the social factors that are advantageous in learning. Children
themselves are reported to personalize the computer instructions and
in the Response Enviromment Project teaching assistants are close by
and on call for the semi-igolated child. '

Computer dependebility is imperfect even at this late date in
the development of computer technologies. "Down time" is tolerated
by sophisticated people who work directly with aend understand compu-
ters. It has been learned from early experiments with closed=circuit
instructional television that school people are very intolerant of
equipment failures. A few instances of fallures may lead to complaints
and rejection of the system on the university level. When spplications
are made to critical jobs it is often desirable to have two identical
computer systems operating in perallel so that in case of the failure
of one system the other can take over. It is reported that the
Bowman-Gray Hospital in Winston Salem is being forced to consider this
parallel computer arrangement.

Even restricted study of computer developments show that model
after dlfferent model follow each other in rapid succession. ,The
repidly evolving trend during the past ten years in the computer
industries is for larger and faster and faster machines. Shared-
time snd online patterns of use have evolved with some machines as
one strategy for using excess computer capacity. These develop-
ments also make it possible for a limited number of small educational
units to have computer services without having to afford the expense
of a computer. The pressure on manufacturers to increase the slze
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and speed of computers may contribute to the problem of lack of
dependability in the late models.

The trends of new models of multi:+illion dollar machines
also exhibits one antiquation factor wh:ch is unique for the edu-
cational enterprises.

The size and speed evolvement has provided in some schools,
colleges and universities, an excess of ccmputer capacities. This
mekes it possible, in some situations where the computer is otherwise
Justified, for instructional functions to be served by using available
unused time and/or computer cepacity and to do this at no cost or at
speclal low rates. For the time being and during the research and
development phases of computer regulated instruction the costs are
great, so high in fact that it is not possible to gbsorb them in
regular operating budgets for instruction., Studies are needed on the
costs of terminal/hour units, and in fact the whole econcmy, actual
and projected, for computer assisted instruction. The possibilities
of incrzasing the utility of programs and of thus reducing unit costs
also needs to be explored.

Barlier in this report I referred to the imbalance thet existed
between "hardware" and "software". The lack of balanced planned
strategy for research and development of computer reguleted instruction
is evldent, also, to all observers. Too meny installations are working
at the same levels of development, usually doing a kind of feasibility
testing, even though the subject matter mey be varied. As was the
case for programmed instruction and teaching machines, elementary
subjects are attractive. There would seem to be some urgency sbout
drafting and putting into effect balanced and soundly planned strategiles
of research and development. Such a strategy should have the effects
of reducing expensive duplication of work on some problems, €., drill
end practice feasibility studies, and of increasing the efforts to
solve other problems related to possible new uses of computers. A
soundly planned strategy should also increase the range of feasibility
explorations to varied subjects and to different levels of instruction
of the whole educatlional system, Finally, the systems concept should
be appliec. in planning. This would suggest explorations of meny
linkeges of computers with other telecommunication medis thet already
exist and have esrned roles in eduecation,

Clearly educators, governmental agencies, and industries all have
lerge stakes in whatever develops in the ares of computer regulated
instruction. It 1ls suggested, therefore, that one or two of the region-
al educational leboratories be glven leadership responsibilities for
providing conditions which will make possible wide cooperative efforts
in the areea of computer regulsted instruction.




In this chapter a gifted educator, engineer and social scientist
employs his vision of the tecinical potential of the computer
and communications industries to provide the context for his
examination of the social and politiecal task of education.
Alexander Shure has effectively dovetalled the inevitable ad-
vances of technology with their capacity for triggering problems
and offering solutions. Minority - majority interaction, changes
in value systems and vocational education, economic effects, and
humen needs are all considered in this keen analytic presentation.
Having probed depply into the problems and in the spirit of the
true scientist, Dr. Shure resynthesizes the material in a series
of wide ranging and constructive predictions and recommendations.

ASPECTS OF EDNUCATION IN THE DECADE OF
THE SEVENTIES

Alexander Schure

Social and Humsn Needs

For almost a century, educational psychology has been concerned
with the problems of relating attainment to general, intelligence. In
recent decades, the literature of individual differences has been
inereasingly couched in educational terms. As educators, we tend
to think the problems of developing and releasing talent can be solved
by the school. Actually, the solutions are essentially political
and social. o

A free and open soclety which attempts to recognize the marvelous
uniqueness and velue of every individual must also have the wisdom to
realize that the school can do Justice to the community only when
its educational framework is truly integrated into other -social formats.
When we examine the persistent problems which impede the education of
a wide spectrum of our children and youth, and relate the efforts of
our school system to cope with them, our concerns for achieving
hetter "solutions" in the immediate future seems appropriate., A
high priority, in the next decade should be given to meaningful
extensions of educational forces into close partnerships with other
social agencies.,

Cost of Educatilon
Problems

Education is a precious but expensive commodity. In these
United States, directly or indirectly, it now consumes.ien annual
expenditure of almost one hundred billion dollars. As presently ...
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organized, and despite all efforts to date, our national education pro-
grams cannot keep pace with the enormous demands placed upon them.
Sufficient manpower is not available for the task and resources are
never adequate for the population to be served. Without dramatic in-
tervention of available new techniques, the situation will not im=-
prove in the foreseeable future.

Widening Range cf Education

The pressures on the educational system are intense. The in-
creasing diversities of learner age and background range the gamut
from pre-schoolers to aged adults - almost Jiterally "“womb to tomb"
concern by educstors for pupils. The ever increasing numbers of
learners demand new arrangements of informational services and of
teacher training. Also required is increasing emphasis on research
into the total mechanisms of social change: on the identification of
emerging meaningful innovative processes and the development of means
to introduce them into ongoing operations successfully; on methods
whereby the technologies applied to the education 'process can con=-
tribute to humanistic goals; and on our most basic educational
concepts, problems, and beliefs.

The Dropout

The present educational system when examined shows evidence
of major stresses. Our elementary schools are plagued with less
than satisfactory levels of achievement for the heterogeneous
groups of pupils they serve. Further, the schools are now faced
with adding to their already overburdened operations a vastly
expanded post-high school education as the minimal career requisite
of an increasing segment of our population. Because these pressures
are now critical, and despite concern for educational excellence
in ruresl, suburban, and urban institubtions, there arises the incon-
gruous result of educators tolerating the large number of high
school and first year college dropouts, and the even larger number
of gstudents who exhibit failure patterns or extremely low attain-
ment levels in one or more courses in their academic experiences.

Occupational Training

To this waste may be added a lack of relevant occupational
training, misdirected career and curriculum guidance, and arbitrary
academic behavioual objectives often set by tradition rather than
realistic needs. Inflexible and inappropriaste instructional pacing
often ig dictated by administrative convenience rather than the
actualities of student performance. Often there is no use made of
successful innovative educational practices, models, and methodologies
as & result of lack of informetion and know-how. Thug, the usual
educational establishment lacks & sufficiently rapid feedback on
which to base corrections for deficiencies due to inadequacy of
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environment, resources, and methodologies; mismatch of teacher

and learner; insufficient prerequisites and preparation; poor
learner attitudes; or the innumerable other tangible and intang-
ible factors which influence the efficiency of the learning process.
It is little surprise that talent and funds are eroded by inef-
ficiency.

Urban Education

Present educational efforts in the urban areas are piecemeal
and often ineffective. Y&t, unless the emergency status of the
crisis is recognized it is questionable if there will take place
the reorgenization of existing agencies, the Federal and State
expenditures, and the development of neccssary new patterns required
to deal with present problems of the urban areas, their inner cores,
. and the people who constitute them. )

Human Needs

We require broad-based, focused programs which are feasible
economically and operationally; are directed towards both majority
and minority groups; point to long objectives, begin with pre-
schoolers and continue to the adult; and aim at stabilizing the
inner city by providing means through which the requirements and
desires of minority groups (Negroes, Puerto Ricans, and others)
can in actuality be met. The needs of these constituents go .
beyond welfare, employment, and minimum education. They include
as & high priority the maintenance of dignity for the individual;
his ability to exercisé control over decisions that relate to his
own life; and the means whereby he may develop his resources in
directions that yleld promise of substantial future returns to him.
Solutions will be found in progrems acknowledging the interactional
relationship between majority and minority, and directed towards
the values and belief systems of whites as well as Negroes and
other minorities.
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Bducation must prepare people for consistent performance in some
socially valuable activity. This means servicing not only the intel-
lectually gifted or the academically talented, but those who must
function capably in a range of prosaic occupations, in the graphic and
performing arts, in the techhical crafts, and in social leadership.

An educational format capable of satisfying so many interacting lo~-
gistical and economic demands is among the objectives of the next
decade. To accomplish this all the tools available within sophisticated
business management, all relevant sciences, and all applicable tech-
nologies must be utilized.

The current trend of applying management techniques to many
processes, whether in industry, the military, or education, is not
g fad. It is a serious attempt to improve the efficacy of ongoing
gystems. In recent applications to education, it is an acceptance
of the necessity to measure realities and outcomes against hypotheses,
to re-exemine “axioms," to replace armchair Judgments by empirical
findings, and then apply the results in subsequent decisions. In
most situations the computer becomes an indispenssble aid to the
process. Through its capacities, there can evolve a more efficient
educational format by using a management approach as a method of
solving aspects of the educational dilemme which now confronts the
nation.

Among the nore drametic vectors which will help produce major
gains in education are: concern for individualized instruction,
technologies ranging from computers to TV, from teaching machines to
behavioral gaming, meking available new kinds of techniques, teaching
materials, and tools for diagnosis, prescription, and application;
increased sums of money available for educatic~- the interest and
intervention of large-scale business in the eduw .ation industry;
concerted efforts in research such as those underway in the National
Educational Laboratories programs; and, most important, a genuine
acceptance at national, state, and local levels of the broed social
objectives of education for all, coupled to a re-emphasized recognition
of the potentials of education as the means of achieving a truly
eminent society.

The transformetions affecting education today will bring about
marked evolutionary changes within the next decade. Underlying many -
of the present trerds is a growing base of psychological research
which gives practitioners a greater understanding of how people
actually learn. The behavioral sciences are making the art of teaching
easler to acquire and to assess.

If the overriding concern in the next decade focuses on the changes
necessary to make universal education possible, a meaningful descrip=-
tion of what universal education includes muet be found. Needs run the
gamt - pre-kindergarten education at all social levels for our
children; schooling for the present conventional spans; programs for
adults who require retraining; liberal, occupational, and professional
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education; education tailored to the normal, the hendicapped, the
retarded, and the gifted. We can also identify some of the important
directions that must be followed to achieve this goal. Beginning with
our new and major commitment to education, we must identify and nur-
ture our talent, exploit the potential afforded by new systems of in-
struction, eliminate the artificial dichotomies in education such as
the separation of vocational and general education, do away with
restrictions imposed by a student's financial capacity, and, in
educating for a broad range of occupational clusters much earlier

than we do today, engender capacities and respect for such occupations.

The model of an educational system of the 1970's, then, will
undoubtedly reflect approaches aimed at the major segments of popu-
lation now not served adequately by the present formal school con-
figurations. The approach of using occupational training as a
vehicle for teaching general studies will be considerably more pret
dominant than it is today. One concept underlying this course is
the expectation that students who are less gifted verbally will be
gble to learn general education content more quickly through the use
of occupationally related educational techniques. The second major
goal is early, consistent, and occupationally gainful traeining for
those who do not complete the academic mainspring programs. What-
ever the viewpoints with respect to theiutility of this'theory, it
will be developed and Gested fairly in the next decade.

The Current State of the Computer in Education

Wwhat is also logical to expect in the next decade is that much
more education, and indeed much better education, will be the
fundamental prerequisite for progress. The intellectual level, and
adaptations required of the students of the next generations will be
considerably beyond those of now. The citizen of tomorrow must be
both at ease among and capable of coping with a vast new array of
techniques for processing information, The ability to yoke the
capaclties of the most promising tool, the computer in order to
solve the problems of civilization will meke it an essential part
of all education, occupational or liberal. The use of the computer will
alter the face of education, and indeed of civilizetion. The computer
will be imbedded as & prime foundetion stone in the schools, education
centers, and universities of tomorrow. It will be a tool used
locally within the classrooms as well as & menagement device to
administer large regional school systems.

The informetion and computer sclences ~ve beginning to demons .
strate almost unprecedented capacities for inproving the overall
operation and functioning of education. Three major advances in com-
puter design are responsible. They are: the development of large-
scale multi-user, multi-purpose time-sharing; the development of tech-
niques that permit direct interaction between students and computer
baced informetion systems including the development of natural
langueges for easy communication, and the increasing sophistication of




educational data systems.

The computer is an optimum instrument for performing repetitive,
time-consuming tasks. Since so much of a teacher's time is spent exec-
uting the oft-times dull and always exacting tasks & computer per-
forms so efficiently, it is logical that the educator turn to computers
for help. Use of the computer is merited wherever recording or
analysis amenable to a complete computer accomodetion is edther
tedious or involved, and fregient. In these situations, the obvious
merits of the computer lie in its capacity to solve orgenizational
problems ranging from simple to complex eince the instruments are
progremmed. to yield the necessary routines or working methods the
human investigator requires.

If substantial advances have been mede in the short time that
computers have been used in the educational world, greadter ones are on
the horizon. The substantial savinge of man-hours and tedium, the
interventions possible by computers in the direct education process,
and the ability to examine new configurations more easily, all insure
greater usage of the computer in the near future. The development of
significant innovations in computer capacities (multi-programming
capabilities, better problem oriented languages, improved ancillary
equipment such as CRT display tubes, teletypewriters, and data trans-
mission units) will bring the computer into more common use for edu-
cation.

Indeed, the educational benefits resulting from access to a
modern computer are many, and multiple sophisticated approaches are
not far off in the future. The priorities of such usage and the thrust
of epproaches are of concern. Socilety must plan for the use of the
computer now, and must specify the values it desires. Applicetion of
computer techniques to any phase of education is a valid subject for
concern and questioning. It is equally important, &s we proceed with
introduction of technological innovations into education to query in'
advance and then to verify empirically the environmental impact of
these innovations. Educational decision mekers requirel a full evaluaw
tion of the social and economic costs involved, the benefits obtained,
and. the effectiveness of the measures introduced during the commitment
to a new technology.

The Fforerunners of the computer organizetions that will service
the model schools of the 1970's are already in existénce. A number
of orgenizations are already exploring applicetions of the computer to
education. They seek, through modern computer technologies, to ralse
the present low levels of school date processing to the sophisticated
level of business and industry. They also seek to develop, in private
and public education, those quality control techniques which can
result in optimized, logical, effective decision-meking. At present,
the computer “outputs" which form the major portion of their services
usually include: a) creation and maintenance of major files contain-:.
ing standard information about students; b) attendance accounting to
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yield automatic preparation of a school's attendance register as well
as individual student attendance files; c¢).test scoring and analysis
oriented to a school's particular information requirements and -
ghidance practices;.d) grades or mark reporting, recording, and
analysis; and, e) scheduling. The latter has proved an excellent
introductory vehicle to orient school administrators to the computerts
potential for instructional programs. Since the computer is capable of
handling the confusing multitude of variables involved in efficient
utilization of the school's fundamental resourcés of students,
teaching staff, and avalillable times and spaces S0 as to schedulge the
individual student most effectively. Scheduling, then, introduces
administration, teachers and students to some impressive albeit . con-

“ventional, porentials of the computer.

Principal employments of computers in education to date have in-
cluded: ‘

1. Researching data base systems, programming systems, artifi-
cial intelligence, information processing, language proces-
sing and btetrieval, behavioral gaming and simulation, ‘
mathematics and operational research, and education and
training. ‘

Applications

2. Computational aids

3. Problem solving

4, Simulation

5 Tutoriél dialogue

6. Information retrieval
7. 'Testing and analysis

8. Guidanée‘and counseling
9. Data processing

10. Menagement - of total systems and of items 1-9,
singularly and in compination. '

One of the more widely publicized innovations in education today

- is computer assisted instiuction. Future adequate development of

computer-based instruection will require extensive resemrch involving
re-thinking about the total role of the computer in education, and
of the functions of education and teaching. A criticism of much

of the work done to date is that most available "computer assisted
instruction" represents little more than programmed instruction fed
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into a high power machine. The very fact that many questions remain
to be resolved relative to computer assisted instruction indicates the
dangers inherent in approaching its imptementation thoughtlessly or
with excessive rapidity. '

Computer assisted instruction has fantastic potential, yet wisdom
in implementation will be required if 4its strengths are to be realized.
More and more American school systems are becoming involved. If their
major expdsure is to the present formats which largely provide only
supplimentary curriculum materials, or drill and practice routines, the
net effect may be thet these school systems will drop computer-based
instruction in the same way they did educational television and
programmed, instruction. Our existing schools rarely have the capaci-
ties needed to carry on program development in the carefully con-
trolled fashion.required to bring about full sophisticated utiliza-
tion of computer assisted instruction. Most of the schools of the
70's will probably be no different in this respect.

_Development of software for conventional CAI systems is..already
shifting towards the industrial companies. The reasons are apparent.
Manufacturers can afford software development .- most school systems
cannot. The present estimated cost of developing one hour of meaning-
ful, validated CAI materials is approximately $30,000. Also, at cur=
rent . stages of development hardware costs are very substantial, and
the amortization of early developing software negligible.

Ongoing research indicates the possibility of computer generation
of materials by algorithmic applications. Research is still sparse in
critical areas, particularly in adaptations of materials for different
cognitive styles of students and with respect to how teachers feel
about using either computer assisted or computer mediated systems.

Two present trends will apparently continue - the development of the
tutorial mode and the writing of instructional prescriptions to
provide individualized instruction for students.

Some of the economic problems associated with the use of CAI
will be attacked in the decade of the T0's through more effective
timesharing satellite linkage, increased off-line applications, and
scheduling via computer of pupils into homogeneous or alternative
logistical groupings. Such shifting class groups will permit
special tutoring by selected computer stratégies optimized to remedy
specifie learning difficultbies. - A high-yield, pragmatic application
the computer will be its capacity to provide dependable information
relative to educational products. Properly organized, the computer
can provide, from a base of continually updated information, such
descriptive, analytical or empirical information as permits meaning-
ful decisions about the suitability of selected administrative or
curriculum systems, experiments, or instructional materials. It
can also guide the restructure of materials to meet the behavioral
objectives of a specific educational system more precisely. The
systematic assembling, coding, analysis, and restructure of programs
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through computerized means will allow meaningful evaluatior within the
involved school. Transfer to equivalent school settings then becomes
possible. .

One of the keys to deciding what role the computer should play in

instruction will be the teacher-to-student, the computer-to-student, and

teacher-to-computer relationships. It has already been noted that the
real power of the computer in education may be its capacity to make
generalizations about student performance, to monitor the ongoing
learning process, and to pick up patterns of response indicating

the cognitive learning style of the student. Educational computer
usages must go beyond mere facilitation of learning to clarify learn-
ing processes. They must meke the student and all decision-makers in-
volved with the educational processes more aware of what the learning
process in ongoing operational situations actually entails, and the
ways in which the knowledge that resultse can be utilized to permit

the student to cope effectively with the environment which surrounds .
him. '

Tf the prime thrust in utilization of the computer in the schools
of the TO's will be towards individualizing education for large num-
bers of students with very diverse characteristics, there is a con-
commitment need: the schools of the TO's must conduct & total
analysis of their educational philosophy, planning, and operations, to
ensure they are capable of responding in the most successful way to.
the diverse needs and abilities of all their students. The manage-
ment system will characterize the operations of the schools of the
70's to improve the student's learning both throughout the curri-
culum and within subjecte. Such management involves systems analysis
and design integrating appropriate educational sub~-cystems analysis
and their combinations into an organized model. Among the major
educational sub-systems comprising the model are:

1. Goals (curriculum objectives expressed in behavioral terms
delineating pretisely thetsubstance"of the:educational pro-
gram, the skills &nd knciwleflge to be learned).

o, Students (as inputs to the system; with profiles, academic
levels, proficiency attainment and, 811 other data relevent
to selection and subsequent education).

3. Curriculum (course content: the software or programs designed
%o accomplish specifications of (1) above).

. TInstructional stratégies (the combination of methods, media,
and organization required to conduct the learning program).

. Assessment (tests and other assessment DProcedures ranging
from student performance through program cost effective-
ness ).

e
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6. Instructional Decision Meking and Prescriptions.

T. TFeedback and Restructure Mechanisms.

8. Organization and Facilities (facilities and equipment,
plus faculty and other personnel required to ‘support other
sub-systems ).

The proposed management system will be so designed that it will
be capable of being applied at virtually any educational level, and
so that it will develop procedures to optimize the design of in-
structional systems. It will be necessary to implement and test the
‘model by applying it to selected school systems and their students.
Further, the pioneer schools of the 70's will be organized to test
the model on both academic and occupational prlograms. It will evalu-
ate the cost effectiveness of the program both in its tooling stage
and. in its operation, and optimize performance of a heterogeneous
student population by identifying those resources best suited to meet
the needs of particular student groups.

Educational Innovation

The efforts to accomplish meaningful improvements in sducation
must of necessity focus on concrete problems and activities. The
decade of the TO's will see a structured intertwining of school and
community organizations representing initial, sensible, developmental
solutions to some of the crucial problems now facing society.

Comprehensive School Districts

The most probable formats, as our social and educational insti=-
tutions move to offer successful, appropriate, and attractive learn-
ing experiences for all the youth they serve will, in all likelihood,
lean to the development of comprehensive school districts. The more
comprehensive the system, the more successful its capacities to or-
ganize total necessary education and social programs will prove to
be. "Comprehensive" means all resources - the community organizations,
educational agencies, labor unions, industrial establishments, business-
organizations, the technical schools, the colleges and universities
all joining to make a total upward-bound educational social program
possible. In a conprehensive district, the educational guidance and
restructure of offerings then becomes far more flexible in range and
depth than, for example, the power assembled in the single high
school. Thecadministrative organizations of such a district are char-
acterized by specialization capacities in individual schools within the
district available to all through regular sessions, extended day, year
and evening adult programs; and by vocational, professlonal, techni-
cal, cultural and remedial programs with mobility between and withdin
them. These must be coupled to a producing resource center which
provides a great diversity of ways for its students to succeed, and
to the social and business resources within the district. Its
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assemblages represent more than just educational facilities alone.
The comprehensive district chooses, as its prime objective, the goal
of educating all of its pupils through a zero-reject tradition - a
total socio=-educational progrim.

Tae organizing of educational services and the complexity of edu-
cational resources of such an organization require a spe¢ial manage-
ment system (to which the computer potencials previously described,
are highly respénsive), and a staff trained in a zero-reject tradition.
The latter requires adequate commnication among and between all ele-
ments of the applicable power structures.

If experience is a criterion for future judgment, first exper-
jences with model comprehensive districts will deviate from their
jdealizations. Often, such deviation will be traced to a lack of
precise stipulation cf objectives, lack of integration or resources
and, disciplines into a functional unity, and the failure to evolve
evaluative measures against which the desired outcomes can be assessed
effectively. Eradication of these difficulties will yield a truly
operational system. It should be noted here that the successful im-
plementation of operational, pragmatic models will result in a more
rapid incorporation of the system into national educational facilities
on a wider-spread scale.

The Systews Approach in Education

A discussion of a total structure computer-managed pedagogical
system cannot be concluded without a re-emphasiscof the importance of
systems, systems analysis, and, systems operations. The vastness of
modern education dictates that the value of any new educational inno-
vation is largely determined by its integration with the other re-
sources and: components of the educational system. It is imperative,
therefore, that there be a systems inmtegration of all the available
resource components, with the unique potentialities of every element
aligned to produce a more effective system as a whole than any re-
source used singularly. ‘

The comprehensive school district represents only one pattern
promising success. There are many others of merit, but their intro-
duction may well be delayed. Overcoming the lag in the capacity of
an educational system t6 respond more adequately to those not pre-
sently served wgll will require understanding and utilizatlon of the
mechanisms of social change. Human nature may prove more of a problem
than the ability of the experts in efforts to give a commnity a
trily adequate educational organization. Human factors ranging from
indifference, lack of comprehension, anxieties, misunderstandings, and.
the safe-guarding of vested interests, to outright hostility of
participants or supporting cadres often 1imit introduction or main-
tenance of meaningful innovations. Considered together with admini-
strative compleéxities, possible leadership inadequacies, faculty
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attitudes, budget implications, and special design considerations for
facilities, the problems which restrict implementation of advanced
systems and colputer oriented developmental programs in contemporary
education become clearer.

Planning and Research

There is a need then, to begin considerable planning now. for
successful introduction of major innovations into the educational
models of the TO's. Education of faculty to the capabilities of
man-machine systems is a prerequisite to education of students using
machines. Since teaching and supporting staffs play a fundamental
role in the use and adoption of industrial technology, strong monsistent
educational leadership must be available. It is the obligation of
such administrators to lead the faculty and staff to the skills, pro-
grams, and states of mind which will permit maximized use of the tech-
nologies. For the short term, workshops, development of in-service
programs, and joint administrative-staff planning at early points in
the decision process all help. Ionger term, there is a pressing need
to insure that the behavioral science concept of instructional tech-
nology, now just developing from its early stages, be related closely
with instructional practice.

Discussions of the state of the art of computer assisted instruc-
tional systemsl emphasize their potential for responding to individual
differences, as well as the problems relating to their introduction
and effectiveness. Logic, and the trend of present developments con=-
tinuously lead to considering the totality of the educational s